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Gateway to the Stars 





Dramatic Concrete Ramp 
Rises on Center Pedestals 
at N.Y. Air Terminal 


@ “Gateway to the Stars’”—at Idlewild Airport—is a curving rein- 
forced concrete promenade which connects with a prestressed concrete 
bridge leading to the Arrival Building. 

Imaginative and daring in design, this strikingly modern ramp, 
set on widely spaced concrete columns, skirts the edge of the broad 
circular reflection pool in a graceful sweep. 


The bridge, which leads through the 11l-story control tower, is 
fabricated of prestressed concrete channel beams made with ‘Incor’*, 
America’s FIRST high early strength portland cement, and also 
utilizes widely spaced columns. 

Well-integrated designs, coupled with concreting know-how, make 


this a quality job of the highest order. 
*Reg. U. S. Pat. OF. 





LONE STAR CEMENT CORPORATION 


Offices: ABILENE, TEX. - ALBANY, N.Y. - BETHLEHEM, PA. - BIRMINGHAM - BOSTON - CHICAGO - DALLAS - HOUSTON - INDIANAPOLIS 
KANSAS CITY, MO. - LAKE CHARLES, LA. - NEWORLEANS - NEWYORK - NORFOLK - RICHMOND - SEATTLE - WASHINGTON, D.C. 
LONE STAR CEMENT, WITH ITS SUBSIDIARIES, IS ONE OF THE WORLD'S LARGEST 
CEMENT PRODUCERS, 21 MODERN MILLS, 48,900,000 BARRELS ANNUAL CAPACITY 
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Coming next month 
in the JOURNAL 


“Proposed ACI Standard Recommended Practice 
for Hot Weather Concreting” prepared by ACI 
ComMITTEE 605, lead article in the November 
JOURNAL, will be considered for adoption by the In- 
stitute at the Los Angeles convention next Febru- 
ary. ACI CommirTres 614 presents ‘Proposed Revi- 
sion of Recommended Practice for Measuring, Mix- 
ing, and Placing Concrete,” also intended for con- 
sideration at Los Angeles to supersede ACI 614-42. 


7 
“Load Factors’ reported by the INTERNATIONAL CouN- 
CIL FOR BurLpiInG RESEARCH offers recommendations by 


an eminent European committee following their study of 
various sources of error in assumptions, design, work- 
manship, and evaluation of materials. The report was 
accepted by the European Committee on Concrete in 
Rome, April, 1957. 


GeorGE C. Ernst provides a highly informative report on 
the results of an investigation on ‘‘Tests on Moment and 
Shear Redistribution in Two-Span Continuous Reinforced 
Concrete Beams’’ under extreme conditions of support dis- 
placement. 
we 

“Influence of Water-Cement Ratio on the Behavior of a Ce- 
ment-Sand Mortar in which Shrinkage Is Partially Restrained,’’ 
by F. A. BLAKeEy, studies stresses which actually cause crack- 
ing under slow loading imposed by restrained shrinkage. 


Coauthors Jack R. Benjamin and Harry A. WILLIAMS report 
their observations on the “Behavior of One-Story Reinforced 
Concrete Walls Containing Openings,’’ derived from their 
tests at Stanford University as a part of a major study of shear 
walls sponsored by the Corps of Engineers. 
& 

Data on both insulating and structural concretes are pre- 
sented in “Tests of Lightweight Concrete Made with Ex- 
panded Blast Furnace Slag Aggregate’ submitted by D. W. 
Lewis. 


“Effect of Axial Compression on Shear Strength of Rein- 
forced Concrete Frame Members,’’ by J. W. BaLpowin, Jr. 
and Ivan M. Viest, presents results of a recent investigation 
at the University of Illinois. 


Manuscripts of papers, discussions, and reports 


should be sent in triplicate to: 


Secretary, Technical Activities Committee 


AMERICAN CONCRETE INSTITUTE 
P. O. BOX 4754, REDFORD STATION, DETROIT 19, MICHIGAN 
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...it is impossible to create a beautiful 
structure in concrete unless the architect be 
willing to collaborate with the engineer and 
the contractor from the very beginning. Some 
of the most astounding results in modern 
architecture have been obtained by simply 
having the creativity of the engineer and the 
contractor, which is of a technological char- 
acter, help the creativity of the architect, 
which is of an artistic character. 

—Mario Salvadori 
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architectural implications 
Title No. 55-25* 


ACI headquarters 
presented a 


Challenge in Concrete 
By MINORU YAMASAKI+ 


as told to Mary K. Hurd. The architect for ACI’s 
new headquarters building recounts some of the con- 
siderations which influenced his selection of folded 
plate roof and other design elements. The potential 
of precasting for economically bringing new form 
and fine texture to concrete buildings is cited. 


Woauen WE WERE FIRST CALLED in to talk to the ACI Building Com- 
mittee, the problem as presented by the Institute simply was this: A certain 
amount of new office space was needed by the Institute; the only charge to 
the architect was to dramatize concrete in an exciting new design. Hitherto 
we had normally thought of concrete primarily in large structures, so this 
small building was an interesting challenge. 


The ACI building was a sort of turning point; for us it represented not only 
challenge but education. We wanted to use concrete in an arresting way 


*Received by the Institute Sept. 5, 1958. Title No. 55-25 is a part of copyrighted JounNaL or THE AMERICAN 
Concrete Institutes, V. 30, No. 4, Oct., 1958, Proceedings V. 55. Separate prints are available at 50 cents each. 
(copies in triplicate) should reach the Institute not later than Jan. 1, 1958. Address P. O. Box 4754, 
Redford Station, Detroit 19, Mich. 
+tMember American Concrete Institute, Architect, Yamasaki, Leinweber and Associates, Birmingham, Mich. 


CORRIDOR CONTRAST is afforded by X-beams formed where the two 
folded plate segments of the cantilevered roof meet along the ACI 
headquarters building's central axis. Skylights are atop the diamond- 
shaped recesses, triangles of alternating blue and green fill in the other 
ceiling spaces. Fluting of the 8 in. thick walls was cast in place by fas- 
tening wooden inserts to wall forms. Final wall treatment—white paint 


419 
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STAFF OFFICES, flooded with natural light through exterior glass walis, enjoy the 
heightened brilliance of white walls and white working surfaces. Fluorescent lighting 
fixtures are recessed in folds of the concrete roof whose plastered interior surface forms 
the ceiling for main floor offices. End screen of hollow precast units is decorative 
here too, and simple lines of well chosen furnishings maintain the free, uncluttered look 
of interior spaciousness. Year-round air-conditioning assures optimum ventilation 


. to produce a form of building that was logically impossible in another 
material. Yet we wanted to keep it looking very light. Prior to the ACI 
design, the majority of our work had been in steel, but most of our recent work 
is in concrete. 


Cantilevered roof dominates scheme 


At that time I thought almost entirely of using concrete in planes, rather 
than in sticks. This was the reasoning behind the St. Louis Airport design; 
this seemed to be the way of using concrete naturally. Once we had decided 
on folding the slab, it seemed most appropriate to dramatize it by using the 
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cantilever in this small structure. Some sort of corridor was required for 
circulation in the building, and the short span of the roof could easily be 
cantilevered from the corridor walls. 

The problem then was to get the folded plate delicate enough to suit the 
scale of the structure—the completed roof is essentially 314 in. thick, except 
at points where greater cover of reinforcement was needed. Someone sug- 
gested using a concrete entrance, but that would have destroyed the canti- 
levered effect. We wanted to express the cantilever as strongly as possible. 

The skylight along the central corridor, which allows a pleasant natural 
light, is part of the fascinating flexibility of form possible in concrete . 
the roof plane is turned into a beam, which casts its X-shape across the cor- 
ridor. Triangular skylights nestle at the intersection of the X. 

Use of the vinyl coating was a challenge for the concrete industry. From 
my point of view, it expresses concrete as a material much more than built- 
up roofing, but this forced us to put insulation on the inside beneath the 


furring which was surfaced with acoustical plaster. Long lighting troughs 
placed deep in the valleys of the roof fold complement the abundant natural 
illumination. 
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EASTERN ENTRANCE DETAIL is a patterned contrast between surrounding “garden” 
wall and the non-structural sunshade of hollow precast block. End view gives a better 
picture of how central corridor walls carry entire load of the roof structure. Block for 
end screen and garden wall were precast to the architect's specially designed shapes 
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Other building elements 


To maintain accent on the roof cantilever, the exterior walls were nec- 
essarily light in treatment. The corridor walls carry the roof load to the 
basement box which is a stabilizer for the entire structure. Corrugation of 
concrete in the corridor walls was an ACI suggestion, a good idea though 
perhaps it should not have been so fine in scale. Here is an intimation of the 
wonderful things that concrete can do through controlled precasting. 

The heating plant stack was kept outside the building, likewise to preserve 
the freedom of the roof line. Sun shade end walls and precast exposed aggre- 
gate panels offered a chance to vary the applications of concrete. The wall 
around the site is not an enclosing one to keep us away from the neighbors, 
but one which we thought would become part of the building. Shielding the 
basement windows with pierced concrete grills expresses solidity at the sup- 
porting base of the building where it is most logical. 


I was interested in using the hollow core precast units for the first floor 
since they serve a dual purpose, housing ventilation ducts and utilities con- 


Photograph by Baltazar Korab 


DAZZLING WHITE of exposed quartz aggregate and white portland cement will 
dramatize the 40-ft high precast “trees” which comprise the facade of the new home 
for Wayne State University’s College of Education in Detroit. This design by Yamasaki, 
Leinweber and Associates typifies the adaptability of form available in precast con- 
crete, repeats the architect’s favored color in a pattern for continuing campus growth 
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LIBRARY-CONFERENCE ROOM also makes use of corrugated concrete wall surface 
produced by attaching half-rounds of wood to the face of forms. Diamond pattern 
pierced in concrete of the precast window grills is visible from building's interior. 
Dropped ceiling is acoustical plaster. Chalk board can be concealed by sliding panels 


duits. Incidentally, in the cast-in-place folded slab we used for McGregor 
Memorial Conference Center at Wayne State University, circular air ducts 
are inside the fold. 


Color at ACI 


Color for the Institute headquarters was used sparingly with the total 
architectural effect in mind. So far I am not very keen about color; color 
will never mean much to me unless it can make concrete more attractive in its 
natural state. Colors become muddy when mixed with gray cement. Perhaps 
color should be mixed only with white cement concrete to attain the clarity 
so essential to colored materials. 

Most of the exterior concrete has been painted gray, lighter and warmer 
than the natural color of concrete. Exposed interior concrete is painted white. 
The roof, of course, is coated with white plastic, and the precast panels at the 
base of the window mullions have rose and gray quartz set in a base of white 
mortar. A polished black terrazzo stair railing accents the front entrance 
and touches of black recur throughout the interior. Pale aggregate in a white 
mortar base comprises the terrazzo floor of the lobby, is repeated in stairways 
and landings. A single surprise of bright color is in the corridor ceiling where 
recesses in the X-beams have been painted with alternating triangles of blue 
and green, joining in a pattern with the varying hue of the skylights. 
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SIXTEEN BAYS, 40 x 40 ft, roofed with intersecting precast shells comprise the ware- 
house section of a structure designed by Yamasaki, Leinweber and Associates for 
Parke-Davis. The roof requires only six interior supporting columns made up as shown 
in the view below by joining together the vertical legs of L-shaped precast rigid frames 


PRECISION PRECASTING at 
Parke-Davis warehouse and 
office building, Menlo Park, 
Calif., simplified construction, 
left clean, exposed concrete 
interior. The 3% in. thick 
triangular roof shell com- 
ponents were cut in half for 
easy erection. Rigid bent 
members, of modified L-shape, 
locked together diagonally 
acorss 40-ft bays. Side walls 
are also precast. No center- 
ing needed for field erection 
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Precasting implements new form in 
architecture 


The notion of precasting came after the design at ACI, and was not an 
inherent part of the idea. Mr. Corbetta, I believe, suggested precasting, and 
the scheme was most intriguing. An alternate for precasting the roof was 
included in the bid proposal. The contractor chose to field cast the roof ele- 
ments, and although there were many problems with this method, it was better, 
I believe, than cast-in-place work would have been. 

I have become intensely interested in precast concrete. This pioneering 
work for the Institute has opened the way for major developments in the in- 
dustry. Through precasting concrete gains mechanization in its production, 
and through the processes of precasting and prestressing we can bring new 
form to concrete for architecture. It offers a promise of escape from the flat, 
boxy architecture that has been running rampant over the country. The 
concrete industry lags behind in its awareness of this potential; similarly it 
has scarcely begun to imagine what it can offer architecturally through the 
advantages of shop control in producing fine texture. 


Photograph by Baltazar Korab 
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SHOTCRETE SURFACE treat- 
ment on all structural concrete 
at McGregor Memorial Con- 
ference Center, Wayne State 
University, Detroit, developed 
precision of finish to meet ex- 
acting architectural require- 
ments. Cast-in-place folded 
plates span about 40 ft, and 
ventilating ducts are cast 
within the folds. The columns 
are faced with white marble 
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Realizing some of this has caused me to shift my earlier view that concrete 
was inherently more natural in slabs and planes. Our Education Building for 
Wayne State University will use 40-ft high tree shapes precast in white sur- 
faced concrete, as the accompanying illustration shows. The work we have 
done for the Parke-Davis office and warehouse at Menlo Park, Calif., has been 
a most satisfying experience with precast concrete. L-shaped column and 
roof support bents are used there with spherical-triangular roof shells and flat 
wall panels. 


Elegance in concrete 


Precast concrete is the most exciting of structural materials—it is the 
future of structure. This is true not only in dramatic spans, but in ordinary, 
everyday buildings. 

My major indictment of the concrete industry is that it persists in thinking 
of its product as a crude material. No building should be built crudely; all 
good architecture throughout history has been fine and elegant. This can and 
should be attained with concrete, and with precast concrete both elegance 
and economy are possible. We as a society should be mature enough to pro- 
vide ourselves with beautiful surroundings. Beauty is not a matter of cost; 
its attainment rests on discrimination in selection. 


Discussion of this paper should reach ACI headquarters in tripli- 
cate by Jan. 1, 1959, for publication in the June 1959 Journal. 





Title No. 55-26* 


UK } PLAl 


roofs ACI headquarters 


By CHARLES S. WHITNEYT 


THE STRUCTURAL ENGINEER REPORTS on some of the problems he considered in 
designing the folded plate roof which cantilevers 20 ft from central corridor bearing 
walls at the new ACI headquarters building. Illustration and brief comment show roof 
in relation to the total structural scheme. 


In spite of the fact that the headquarters building of the American Concrete 
Institute is one of the most unusual and exciting structures in the country, 
the basic concept is so simple and direct that very little need be said about 
the structural design. The original concept was presented by Mr. Yamasaki, 
the architect, in the form of a model to the ACI Building Committee about 2 
years ago. It was approved immediately and has been executed with no sub- 
stantial change. 


*Received by the Institute Aug. 14, 1958. Title No. 55-26 is a part of copyrighted JourNAL or THE AMERICAN 
Concrete Institute, V. 30, No. 4, Oct. 1958, Proceedings V. 55. Separate prints are available at 50 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Jan. 1, 1959. Address P.O. Box 4754, 
Redford Station, Detroit 19, Mich. 

+tMember American Concrete Institute, Consulting Engineer, Partner, Ammann and Whitney, New York, N. Y., 
and Milwaukee, Wis. 
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SECTION 5 
CAST IN-PLACE DESIGN 
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PRECAST ROOF SECTIONS 


Fig. 1—Cross sections of roof based on original cast-in-place proposal with one detail 
(bottom) of precast alternate which was finally adopted by contractor 
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The writer has had the privilege of collaborating as structural engineer with 
Mr. Yamasaki for a number of his buildings. Each one shows originality 
and a keen understanding and appreciation of the characteristics and poten- 
tiality of reinforced concrete. In each case, the structural forms have been 
suggested by the architect and involve the most modern techniques. 

Structurally there is nothing unusual about the ACI building except that 
the roof is cantilevered out some 20 ft from the corridor wall and receives no 
assistance from the window mullions. This was at the insistence of the 
architect who would tolerate no compromise. Too much familiarity with the 
effects of plastic flow tend to make one conservative, and it was suggested 
that the mullions might be snuggled up under the cantilevers after the dead 
load and early plastic deflections had occurred. This idea was not accepted 
and presently there is a space at the top of the exterior walls and interior 
partitions intended to accommodate all future deflections. The cantilever is 
therefore a true, simple cantilever and not a fixed beam with an indeterminate 
reaction at the outer end. 

The deflection at the cantilever ends was about *% in. due to dead load when 
the falsework was removed. Plastic flow and additional dead load have in- 
creased it to about 34 in. at this time. 

The cantilever shell was designed by the ordinary beam theory (straight 
line variation of strains) because the proportions of the plates make the more 
accurate folded plate theory unnecessary. The repeated unit (Fig. 1) is 4 ft 


4 in. wide, about one-fifth of the cantilever span. At some sections the plates 
are thickened beyond the minimum of 3) in. to make room for the required 
reinforcing steel and for architectural reasons to improve the external appear- 
ance. 


In the direction normal to the cantilever span, the plates are reinforced as 
continuous slabs supported at the folds, and reinforced for both positive and 
negative moments to provide for nonuniform or concentrated loads. They 
are also reinforced to provide for 100 percent of the beam shear. The plates 
are relatively thick and the stresses near the free edges are not severe. 

Because of the small size of the building, the roof was detailed to be cast in 
place, but the specification permitted the contractor to use precast units sub- 
ject to the architect’s approval of his suggested details. The low bidder did 
elect to precast the roof in units 4 ft 4 in. wide which were welded together 
after erection to provide continuity of the plates. 


Lightweight concrete would have been desirable because of its greater in- 
sulating value, but was not used because of its higher cost. Because of the 
complicated surface of the roof, insulation and roofing were also too expensive, 
and the outer surface was given a coat of plastic, with the under surface furred 
and plastered. This will force the concrete shell to follow the range of ex- 
ternal temperatures with resultant flexing of the slab which may or may not 
cause some trouble in the future. In any case, it increases the importance of 
continuous top and bottom steel in the slab to toughen it and to resist flexure. 
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CROSS SECTION OF BUILDING 
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LONGITUDINAL SECTION OF FIRST FLOOR 


Fig. 2—Longitudinal section of first floor, and cross section of the entire building showing 
rigid box which comprises the basement structure 


The roof cantilevers are supported by the two monolithic reinforced concrete 
corridor walls which are themselves reinforced as cantilevers extending up 
from the basement corridor walls. They carry lateral forces to the first floor, 
below which the entire building is a rigid box (Fig. 2). 

Basement exterior and corridor walls are reinforced concrete. The first story 
corridor floor is a solid concrete slab. The balance of the first floor is made 
of 8-in. hollow core units on a 13 ft 4 in. clear span with cast-in-place beams 
of the same depth, spaced about 13 ft. The hollow core units were used to 
provide ventilating ducts leading to the exterior wall in the first story. The 
concrete floor finish over the precast units would have covered the floor out- 
lets more thoroughly if it had been at least 214 in. thick instead of 2 in., but 
it has been reasonably satisfactory to date. 

Although this building is of considerable interest because of its architecture 
and construction methods, there appears to be little to be learned from it 
structurally except how satisfactorily a folded plate without external insulation 
may serve as a roof of an office building in a northern location. Plastic coat- 
ings have been used on a number of concrete folded plate roofs and so far the 
experience is not discouraging. 


Discussion of this paper should reach ACI headquarters in tripli- 
cate by Jan. 1, 1959, for publication in the June 1959 JourNAL. 
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Construction for ACT 


By JOHN STRANGT 


*Received by the Institute Aug. 25, 1958. Title No. 55-27 is a part of copyrighted Journat or THE AMERICAN 
Concrete Instirute, V. 30, No. 4, Oct. 1958. Proceedings V. 55. Separate prints are available at 50 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Jan. 1, 1959. Address P. O, Box 4754, Red- 
ford Station, Detroit 19, Mich. 


t+tMember American Concrete Institute, Vice President, Pulte-Strang, Inc., Ferndale, Mich, 
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The general contractor tells of precasting and erection 
of 46 folded plate sections which comprise the roof of 
the ACI headquarters building. Concrete mix data 
are given, and problems of establishing an archi- 
tecturally satisfactory finish are cited. Cast-in-place 
fluting of the corridor walls is also discussed. 


@ EXecuTION OF THE UNIQUELY designed ACI headquarters leaned heavily 
on good, conventional construction practices, but there were some unusual and 
difficult problems for the contractor. Aside from providing good housing for 
the Institute staff, the building serves the dual purpose of displaying concrete 
advantageously in its many varied forms. The cantilevered folded plate roof, 
precast on the job, the thin exposed aggregate panels, the decorative grills 
precast to shield the basement windows, fluting of the cast-in-plate corridor 
walls—these and other applications of concrete all had to be of top quality, 
and the contractor was responsible for their strength, durability, and perfec- 
tion of surface finish. 


Concreting was in full swing as the 1957 construction season opened. Late 
in March, general contractor, Pulte-Strang, Inc., erected a field office, cleared 
the construction site, and began foundation excavation. Unfavorable soil 
conditions appeared during excavation, and it was decided to lay the north 
wall footings and corridor footings on blue clay soil to avoid the unpredictable 


wet fine sand. Footings are of varying heights, and continuous footing rein- 
forcement consists of four #5 bars. A keyway was formed in the footing to tie 
into the walls. 


Steel forms for the south wall 
being put in place following 
stripping of the north wall (be- 
ing wet down in background). 
Steel is in place for columns 
between basement windows 





CONSTRUCTION FOR ACI 


Basement box... 


Over-all view from the east in early 
June exposed the basement box which 
serves as stabilizer for the building. 
Ledge above basement windows act- 
ed as base for the precast hollow core 
units making up the first floor. Partition 
wall is being formed at right. Other 
interior basement partitions were of 
concrete block masonry construction 


WALL CONSTRUCTION 


In May forms were erected and placement of concrete began for the base- 
ment walls. Standard steel panels 30 x 30 in. with numerous special sizes as 
required made up most of the forms with special attention going to the columns 
and beams between and above the basement windows on north and south 
walls. Vertical and horizontal reinforcement, #5 bars, was placed at 10 in. on 
centers in all of the basement walls. Form layout on all exposed walls was 
planned for symmetrical appearance. The resulting smooth surface required 
patching only at the tie holes and finishing to fill surface air bubbles. Ex- 
ceptionally neat sharp corners and alignment were achieved as a result of 
the tight forms. 


Fluted walls 

In the library-conference room the architect specified random sized half- 
round recessed fluting. Milled lumber half-rounds were attached to the metal 
forms by sheet metal screws. The results, although acceptable, required 
extensive finishing work by the contractor and painter. 

Fluting of the first floor corridor walls projects 4 in. from the wall surface 
and is trapezoidal in cross section. Plastic faced plywood forms with milled 
wood fluting pieces attached were used. Since air temperatures ranged up to 








JOURNAL OF THE AMERICAN CONCRETE INSTITUTE October 1958 











Reinforcing for roof segments was assem- Detail of reinforcing and form for beam 
bled on a jig of exact size and shape of box which was cast at the interior end of 
the folded slab form; three #9 bars are each slab section. Two boxes form X- 
main reinforcement for each roof segment beam that spans the central corridor 




























100 F, a retarding admixture was used to avoid “‘cold joints.” In spite of the 
high quality form material and careful form workmanship, careful casting, 
and vibrating, it was impossible to meet the architect’s finish requirements 
without much hand labor in patching corners, grinding, and finishing surface 
air bubble marks. 

Architects who desire extremely fine surface and sharp corners in decorative 
concrete fluting might cut finishing costs and avoid difficulty by planning 
their structures so that decorative wall areas can be precast horizontally. 
Precasting the corridor walls for the ACI office was not considered feasible 
with a precast roof due to difficulty in making structurally continuous joints 
at floor and roof. 


FLOORS 


Basement floors were cast over a 4-in. base course of compacted bank run 
gravel and a 4-mil plastic vapor barrier. The 4-in. slab was reinforced with 
wire mesh. Hollow core precast units were used for all of the main floor 
except the cast-in-place corridor floors. Heating, ventilating, and wiring 
installations were made in the hollow core of floor members. <A 2-in. topping— 
made with 1 part cement, 2.5 parts sand, and 2.5 parts pea gravel—was used 
above the precast floor units and on the basement floor slab. 


ROOF CONSTRUCTION 


The plan showed a reversed fold, folded plate roof cantilevered from each 
corridor wall. Deep X-shaped beams with diamond-shaped openings for 
skylights formed the tie across the corridor. The design was for cast-in- 
place construction, but precasting was permitted at the contractor’s option. 
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CONSTRUCTION FOR ACI 


Placing concrete in form was by shovel Screeding and troweling provided sur- 
from elevated platform where it had been face finish. Portion to right was troweled 
since it was to be exposed in roof over- 
hang; remainder was screeded only, later 
lowed, ahead of finishing shown at right covered by interior plaster on the ceiling 


unloaded by truck mixer. Vibration fol- 


Knowing that the architect set high standards for finish appearance, the 
contractor decided to precast the roof principally because precasting the sec- 
tions upside down permitted achieving sharply formed lines for the exposed 
upper roof surface. Plastic faced plywood was used for three forms built on 
and anchored to substantial footings for on-the-job precasting. A dummy 


mock-up form was used as a pattern for cutting the plywood and later served 
as a jig for assembling all reinforcement in units. An elevated platform was 
built beside each form so that truck mixers could pull up and discharge concrete 
on it. 


More than 70 detail shapes of reinforcement were used, with three #9 bars 
forming the main longitudinal reinforcement of the 23)4-ft sections. Steel 
plates 34 in. thick along each edge of the section formed the transverse joint 
detail developed by the contractor. Two rows of dowels spaced 4 in. on 
centers were welded to these metal plates and embedded in the slab. After 


Finishing touches... 


Final finishing of roof slab seg- 
ment in the foreground, with 
reinforcement in place for 
casting the next slab on the 
adjacent platform. At the 
right, rear, is a third section 
awaiting lifting from the form. 
Finished sections of the roof 
are seen in the background 











JOURNAL OF THE AMERICAN CONCRETE INSTITUTE October 1958 


Erection sequence... 


Slabs were first placed on the ground near their approximate position in the building, 
then hoisted individually to rest on temporary scaffolding, later welded for continuity 


erection of the sections these plates were welded top and bottom for moment 
resistance, and longitudinal reinforcement was welded along the corridor 
center line where front and back halves of the roof joined. 


Concrete mix for roof slab 

Concrete for the folded plate members had to meet severe requirements. 
First, the varied shapes of reinforcement and inserts in the 3!% in. thick slabs 
made placing difficult and slow and required a 34-in. maximum size aggregate. 
Due to the July heat at time of casting, a retarded set was required. A cast- 
ing schedule calling for two units per day required 1500-psi concrete at 24 hr, 
and 4000 psi was the average strength specified. A mix containing 614 sacks 
of Type I cement plus a cement dispersing, water reducing admixture and 
pea gravel aggregate was employed. With an average initial slump of 3 in. the 
set was retarded for approximately 1 hr at concrete temperatures up to 95 F. 
One-day strengths averaged 2100 psi. Initial curing under wet burlap for 24 
hours was followed by a sprayed on liquid membrane-forming white pigmented 
curing compound. The 28-day strength averaged 5100 psi. 


Erection of the roof slab units 


After 28 days curing, all units were turned over for clean down on the 
top side. Threaded eye bolts for lifting and threaded socket inserts set flush 
minimized patching of the top. All units were numbered and measured to 





under width 
An erection sequence was 


determine and 


tolerances. 


over 


prepared to avoid cumulative over- 
run. In spite of all precautions a few 
transverse plates had to have opposing 
bulges trimmed by a cutting torch to 
secure the close fit required. 

Roof units were erected as simple 
beams on falsework at the window line 
and the corridor bearing wall. 
steel shims 4 in. high on the bearing 
walls plus the point support on false- 
work gave a stable three-point bearing 
that permitted adjustment to match 
adjoining units. After completing 
main welds above the corridor and tie 
down welds to dowels in the bearing 
wall, nonshrink grout was used to 
complete the center joint and bearing 
on the wall. 

When structural continuity of the 
roof had been established, shoring was 
removed. A camber of 114 in. was 
provided at the window line, but im- 
mediate deflections averaged 5/16 in. 
The windows are fixed by a sliding 
joint to allow for future live load and 
creep deflections. Transverse roof 
joints above the welds were com- 
pleted to sharp edges with a patching 
grout containing a polyvinyl acetate 
emulsion as an admixture and as 
bonding coat. The exposed roof slab 
is covered only by a 40-mil thickness 
of vinyl membrane coating sprayed on 
in five layers, a treatment that retains 
the architectural integrity of the con- 
crete surface. 


Two 


MATERIALS 


The specifications required all aggre- 
gate for exposed concrete to conform 
to ASTM C 33 limits on deleterious 


material. In the Detroit area most 
natural gravels contain deleterious 


Central corridor with all roof segments in 
place ready for welding of the longitudi- 
nal reinforcement at middle of the hall 
which joins the triangular beam boxes 


After welding, forms were set in place 
(below) for casting the short connecting 
member in nonshrink mortar 
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Nearly finished... 


Front facade assumed a finished look when glazing was completed. Here workmen 
made a check of final clean-up on precast grill slabs which shield basement windows 


material which causes “‘popouts”’ after freezing and thawing. Therefore, pre- 
mium aggregate produced by heavy-media separation was used in the con- 
crete for roof, building walls, and paving. 


All exterior concrete was painted with a water-thinned polyvinyl acetate 
emulsion paint. This type of paint was selected to provide a “breathing” 
coating which would not be too absorbent to contamination by industrial 
smoke and soot. 


Discussion of this paper should reach ACI headquarters in tripli- 
cate by Jan. 1, 1959, for publication in the June 1959 JouRNAL. 





Concrete reinforced with fibers of steel is the 
body of our modern world in any form. Con- 
crete with steel fibers embedded in it, which 
is very like your own structure or the struc- 
ture of a tree or any structure nature indulges 
in, is going to be the body of our modern 
world. 


—Frank Lloyd Wright 








pr vie construction 


Title No. 55-28 


Folded Plate Dome Ideal for Auditorium 


By LYNDON WELCH 


Design and construction of a folded plate roof over an audi- 
torium at Wayne, Mich., are discussed. Dimensions, design 
loading, decentering procedure, and deflection are described. 


DESIGN REQUIREMENTS 


The Wayne Auditorium at Wayne, Mich., completed in the spring of 1958, 
is an example of unusual design and careful construction in reinforced concrete. 
The relatively wide pattern of the 900 seats falls naturally within the 
outlines of a circular enclosure approximately 100 ft in diameter. The stage 


Lens-Art Photo 


shop, dressing rooms, band rooms, and public spaces, which make up the 
balance of the project, fit into a peripheral structure of moderate scale (see 
photo above and Fig. 1). The stage house is the only structure outside of 
the central space to rise higher than the proscenium. 


*Received by the Institute Feb. 10, 1958. Title No. 55-28 is a part of copyrighted JourNAL or THE AMERICAN 
Concrete Institute, V. 30, No. 4, Oct. 1958, Proceedings V. 55. Separate prints are available at 50 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Jan. 1, 1959. Address P. O. Box 4754, 
Redford Station, Detroit 19, Mich. 

— American Concrete Institute, Chief Structural Engineer, Eberle M. Smith Associates, Inc., Detroit, 
Mich, 
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Fig. 1—Pattern of the 900 seats falls naturally within the outlines of a circular 
enclosure. The stage shop, dressing rooms, band rooms, public spaces, and stage 
house are grouped around the central auditorium space 


It was necessary to devise a roof over the auditorium consistent with and 
expressive of its character and function. The most direct solution to roofing 
a circular area of such a size is son:e sort of dome. A surface of double curva- 
ture, such as a dome, ordinarily creates difficult problems in the fabrication 
of structural steel or in the formwork for reinforced concrete. What is worse, 
the curvature tends to focus sound so as to produce loud spots and dead 
areas which would be objectionable in an auditorium. 

These considerations led logically and naturally to the use of a “folded 
dome” made up of intersecting planes. The basic structural design was for 
a reinforced concrete folded plate, for which the formwork would be a series 
of tilted flat panels, faced with plywood. The folds would tend to break 
up and scatter sound rather than concentrate it. 

During negotiation of the contract, an alternate design for the same 
shape was prepared in structural steel. When estimated, however, the 
difference in total construction cost was slight, and favored the reinforced 
concrete design. 


FOLDED PLATE ROOF 


As actually built, the roof is a 12-sided polygon composed of 12 V-shaped 
plates spanning 44 ft and rising 15 ft from a perimeter tension ring to a central 
compression ring. The tension ring is made up of four structural steel angles 





FOLDED PLATE DOME 


Fig. 2—Construction details. 

Twelve V-shaped plates span iene 
between the tension ring 1g U SPACERS @6'—0" 
(structural steel) and the rein- 
forced concrete compression 
ring. The 4-in. cap slab is 
isolated by expansion joint Re 5. slice ie 
material from the compression : 2°10 CONT. BOTT. * 
ring and does not participate 2°10 CONT. TOP 


Pee . TENSION SPLICE aT ', SPAN 
in its structural action = ‘soee” 

















*3@c12" 


ithat-a"@ 142% SPLICE @ AT CORNERS 
6-10 «2° @ STIFFS 


























HANGER 
DETAIL 


bolted to bent plates at the vertices of the polygon. The tension steel is 
encased in concrete, and concrete diaphragms fill the triangular spaces between 
the tension ring and the folded plates. The roof is supported on 11 round 
concrete columns and one structural steel hanger from a heavy steel truss 
above the proscenium. Details are illustrated in Fig. 2. 

The V-shaped plates are not of a uniform thickness. At each ridge the 
thickness is about 4 in. At each valley the dimension varies from about 
5 in. near the center to nearly 12 in. near the supports where the additional 
cross-sectional area is needed to transmit thrust to the tension ring. The 
variation in thickness and the fact that the plates are cantilevered several 
feet beyond the diaphragms, tend to shift the center of gravity of the plates 
outward, reducing the thrust to some extent. The plates are also thickened 
locally near the compression ring to reduce shear stresses and to provide 
more room for reinforcing steel. 


In analyzing the plates for combined axial load and bending moment it 
was necessary to set up expressions for the characteristics of a nonrectangular 
beam of varying cross section. Since the cross sections varied linearly with 
distance from the center, it was possible to express these characteristics as a 
group of definite integrals; this procedure made the calculations much simpler. 











JOURNAL OF THE AMERICAN 


Lens-Art Photo 


Fig. 3—The formwork consisted of %-in. 

plywood over timber falsework supported 

on steel scaffolding from the level of the 
tension ring down to the floor 


troidal axis. 
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Two basic loadings were assumed; 
30 psf live load on the entire roof, and 
the same live load on one-half of the 
roof. It did not appear that lateral 
wind load would produce any signifi- 
within the structure; 
however, the stage tower was heavily 
braced against lateral load. 


cant stresses 


In general, the analysis followed the 
standard procedure for folded plates. 
Slab elements were assumed to span 
from valley to ridge; they were con- 
sidered continuous at the valley, but 
simply supported at the ridge, where 
construction joints were to be per- 
mitted. The V-shaped elements were 
analyzed as homogeneous, isotropic 
beams of varying cross section, and 
all stresses were referred to the cen- 


This approach appeared quite reasonable in view of the fact 


that principal stresses throughout the most highly stressed region were com- 


pressive. 


The beams were initially assumed simply supported at the compression 


ring and at the tension ring, and were then checked for fixity at the com- 
pression ring by a method for which the author is indebted to Alfred A. 
Parme of the Structural Bureau of the Portland Cement Association, and 
which takes into account the angle change of the ring under applied external 


moment. 


Assuming linear distribution of strain from top to bottom of the 


ring, Parme obtains the following expression for the angle change: 


Ago= 


In this expression: 


12 Mr? 


Eth’ 


M = moment across diametral section of ring 


= radius of ring 
thickness of ring section 
height of ring section 


With this expression, the stresses in the compression ring and in the beam 
elements as modified by continuity at their juncture may be computed by 


standard methods. 


Since each ridge and each valley lies on a line of symmetry, there is no 
significant longitudinal shear transfer between plates, even under unbalanced 


live load. 
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Calculations were made by both conventional and by ultimate strength 
methods. On the basis of a load factor of 2 for the latter method, there 
was fairly close agreement in the results. 

The major reinforcement was concentrated at ridges and valleys and near 
the tension and compression rings, where the bars were designed to take all 
the shear. ‘Transverse slab reinforcement was generally established by the 
minimum ACI Code requirement. 


CONSTRUCTION 


The roof was formed on timber falsework faced with 34-in. plywood and 
supported on steel scaffolding from the level of the tension ring down to the 
floor (Fig. 3). Although the contact surface of the formwork for each panel 
was flat, the pitch in the direction of maximum slope was 31.6 deg, and the 
contractor faced the problem of establishing a pattern of supports and of 
laying out a large number of oblique cuts. Consequently, he obtained approval 
of details of construction and support of a full scale panel of formwork in 
his yard before pre-cutting materials for shipment to the site. 

Although the design of the roof would have permitted the use of movable 
formwork supported on a central tower, the contractor elected to place all 
of the concrete in one operation. He used two 100-ft cranes, each working 





Lens-Art Photo 


Fig. 4—Formwork was decentered at 19 days. Deflections were continually measured 
by a simple gage. Perforations in the lower surfaces of panels serve as a plaster 
key. The subframes at the upper right are to support spotlights illuminating the stage 
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with a pair of buckets and succeeded in placing the 300 cu yd of transit- 
mixed, standard weight concrete in about 9 hr. The cranes worked in op- 
posite panels, lifting one bucket while the other was being filled, and moving 
counter-clockwise as soon as a panel was complete. Studies had been made 
with a small scale model to establish crane locations and clearances. 

Even under continuous vibration, the 2-in. slump concrete showed little 
tendency to travel down the slopes, probably because the typical reinforce- 
ment pattern consisted of a large number of small bars fairly closely spaced. 
The two six-man teams of finishers had their problems, however, since they 
had to screed and trowel while backing “up the hill.”” The screeds were 
left in place for later attachment of built-up roofing. 

The roof was protected with burlap for 14 days. At the end of this period, 
tests of field-cured cylinders indicated that the concrete had reached its 
design strength of 3750 psi. 

The formwork was decentered at 19 days. Considerable thought and dis- 
cussion had been devoted to establishing procedure for this last critical phase 
of the construction. The actual operation turned out to be almost disap- 
pointingly simple. Each of six men was assigned a sector of scaffolding and, 
on signal, jacked down the legs one turn, (about 4 in.) working uniformly 
from the center toward the perimeter. The process was halted from time 
to time, while the deflection was checked with a gage (Fig. 4) anchored to 
the compression ring. When every support had been loosened, the six-man 
teathn went through the pattern again, jacking down two turns this time. 
After this, all jacks were loose. The formwork was left in position for 24 
hr and then dismantled. 

The maximum anticipated deflection at the center of the structure had 
been calculated as 1 in. The calculation had purposely ignored the restraints 
furnished by the diaphragms and the concrete columns, and was considered 
to be conservative; it was. In 24 hr, the gage deflection was % in. Since 
the gage has a multiplying factor of five, the true deflection was in. Al- 
though the gage was left in place for several weeks, no significant change in 
deflection was observed. 
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design principles applied 


Title No. 55-29 


Mr. Samuely discusses design principles 
for folded slab roofs, stair landings, 

and galleries, with special attention to 
shear forces and to stresses produced 
by differential deformation in the 

slabs. Beam action of the fold or 
“quoin” is explained. Precast elements, 
prestressing, and composite construction 
(precast with cast-in-place concrete) 

are shown as they apply to folded slab 
construction. Structures in England 
and America illustrate use of folded 
slabs in a wide variety of shapes. 


Folded Slab Construction’ 


By Felix J. Samuelyt 


When shell construction was first developed about 30 years ago, the in- 
tention was to evolve a method by which large areas could conveniently be 
covered with long span constructions, using a minimum of material. The 
principles of design were first established for a concrete of almost infinitesimal 
thickness; later necessary additions were made to allow for the fact that every 
shell construction has to have a certain thickness which in some cases may be 
quite substantial, and which can have a great influence on the flow of stresses. 
Concrete roofs have always been in competition with lightweight materials 
like cement asbestos, bitumen-covered corrugated steel, and others, and 
appeared necessary to develop a concrete roof of as little weight as possible, 
particularly as this weight constituted the greater part of the total load. 


At that time even the cost of manufacture was considered completely sub- 
ordinate to the weight. Since then, the experience of 30 years has directed 
shell construction into certain lines. Because of the rather expensive form- 


*Received by the paints Jan. 14, 1957. Title No. 55-29 is a part of copyrighted JounNaL or THE AMERICAN 
Concrete Instirure, 30, No. 4, Oct. 1958, Proceedings V. 55. Separate prints are available at 50 cents each. 
Discussion (copies in ‘eiplicoto) should reach the Institute not later than Jan. 1, 1959. Address P. O. Box 4754, 
Redford Station, Detroit 19, Mich. 

tConsulting Engineer, London, England. 
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work, this type of construction can be used economically in two instances: 
(a) where there is sufficient repetition to insure considerable reuse of form- 
work (the shape of the shell most suitable for the particular application can 
usually be found); and (b) wherever standard formwork can be used, the re- 
use of which is not dependent on the building in question. 


The foregoing restrictions allow shell construction much less application 
than its principies would deserve. They do not permit economical com- 
petition in such instances as small factories unsuited to standardized con- 
struction, nor for theaters, assembly halls, market buildings, etc. where in 
fact the principle is valid just as much as in the type of buildings described 
in (a) and (b). Furthermore, the shell which is known as a series of vaults 
following each other does not allow a great variety of shapes. (The only 
practicable variation is a circular or elliptic dome.) When it loses the attrac- 
tion of novelty it can become a source of architectural boredom, and this may 
already be noticed in some of the new towns in the south of England, where 
acres and acres of industrial buildings are being erected with no variety in 
outline or in plan. 


SUBSTITUTING THE FOLDED SLAB FOR SHELLS 


Where shell construction is not economical, or where its application is un- 
desirable for other reasons, the principles of its construction can be retained 
with folded slabs. If a cross section 
of a shell is drawn and the continuous 
curve replaced by a series of straight 
lines, the structure obtained is now 
commonly called a folded slab (or 
folded plate). In a larger sense a 
folded slab is any series of slabs, rec- 
tangular or otherwise, which are sup- 
ported and composed in such a way 
that they form a stable structure. 


Curve representing Polygon representing 
section through section through 


shell roof prismatic roof 





Fig. 1—Replacing curve by a series of 

straight lines Shells require diaphragms for stabil- 

ity, generally in line with the columns, 

and the same type of diaphragm is required for a folded slab, with the one 

variation that if a folded slab consists simply of a series of zig-zag frames the 
diaphragm can be replaced by a simple tie member from eave to eave. 


In replacing a curve (forming a cross section through a shell roof) by a 
series of straight lines, nothing is altered in the principle of the structure, 
but local bending moments are set up; for instance, in Fig. 1, the slab must 
be able to span from a to b, from b to c, ete. These local bending moments 
cause extra stresses and require additional reinforcement over and above the 
comparable curved section. The greater the distance between consecutive 
points, the greater are such local bending moments, and from a purely eco- 





FOLDED SLAB CONSTRUCTION 


Fig. 2—Cross sections of pris- 
matic slabs in use or consid- 
ered for use 


(b) 


a in i 


(d) 
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nomic point of view the engineer has to decide up to what degree the saving 
in formwork is offset by the extra cost of reinforcing steel. 

When folded slabs whose cross-sectional shape is obtained in the way 
described seem to be particularly economical, there is no objection to varying 
this shape considerably in conjunction with requirements of usage and archi- 
tecture. One reason, for instance, why a less economical shape might prove 
better for certain applications is the provision of a ceiling that is good acous- 
tically. Shells, or folded slabs which follow generally the lines of shells, are 
well known to be bad acoustically for the ceilings of theaters and cinemas 
where the sound would be concentrated at certain points and others would be 
deficient. A shape like the one ir Fig. 2(c) would be superior from an acoustic 
point of view. 


STRENGTH AND STABILITY OF FOLDED SLABS 


Fig. 2 summarizes some of the cross sections of prismatic slabs that have 
been used, or are being considered for use, and it is the simple zig-zag shape 
in Fig. 2(d) which has found the widest application; apart from its simplicity 
it has the great advantage that the diaphragm is reduced to a simple tie 
member. This tie member, together possibly with a thickening of the slabs, 
forms a triangle which completely stiffens the construction. 

From the calculations described later, it is evident that prismatic folded 
slabs (which are the most frequent application) would be generally stable 
even if completely hinged along the lines of intersection, which are referred 
to as “quoins.” The fact that they are usually not hinged serves to give 
additional stiffness which is not generally taken into consideration; in some of 
the more advanced applications use is made of this extra stiffness to obtain 
shapes that would otherwise not be possible—for instance, to provide a canti- 
levered plane (Fig. 5) or to produce simplified diaphragms. 

Use of precast concrete 

Generally, under otherwise equal conditions a folded slab will have to be 
thicker than a corresponding shell in order to withstand the local bending 
moments. However, it is possible to produce bending-resistant slabs of small 
thickness with ribs, and for this purpose it is often advantageous to use pre- 
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Fig. 3—Composite precast and cast-in-place construction for “shell” roof 


cast concrete. This particular fact has led the author to the conviction that 


precast concrete, often ‘‘composite,’’ i.e. together with cast-in-place concrete, 
is extremely suitable for folded slabs. Such composite construction is possible 
wherever the slope of any part of the roof is not greater than 25 to 30 deg, so 
that the top concrete can be placed without difficulty and without additional 
formwork. The precast concrete in these cases may consist very suitably of a 
number of trough units (see Fig. 3). They are placed side by side, and provide 
strength together with good bond to the concrete placed on top. In effect the 
thickness of the trough roof, together with the topping, i.e. the dimension 6 
in Fig. 3, constitutes the thickness of the actual shell taking the direct and 
shear stresses which arise from the load, while the dimension d (depth of the 
ribs) is the criterion of the stiffness against bending. 


FOLDED SLAB DESIGN 


The calculations for folded slabs follow in general the lines laid down by 
Professor Craemer in Germany, and by A. J. Ashdown in The Design of 
Prismatic Structures. A folded slab consists of a number of slabs intersecting 
in straight lines (quoins). It can be assumed that each slab has a considerable 
stiffness in the direction of its plane while it is much more deformable in the 
cross direction. Any load occurring along a quoin could resolve itself in the 
direction of the two planes adjoining it, and be transmitted to any supports 
by these planes acting as beams of great depth and little width; for instance, 
in Fig. 1 a load acting at Quoin ¢ would resolve itself in the direction cb and 
ed, and the two planes cb and cd would act as deep beams transmitting the 
load to whatever supports are provided. 


Shear force at quoins 

When this principle is applied everywhere it will be obvious that all quoins 
can be considered as beams, i.e. lines along which loads are supported, and 
it is therefore possible to assume as a first approximation that the actual slab 
is supported all along the quoins. Each plane receives a load from both 
adjoining quoins, for instance, Plane be from Quoin ) and Quoin c. These 
two loads may add to, or deduct from, each other. When the stresses in 
each plane, acting as a beam, are calculated according to the ordinary theory 
of elasticity, it will be found that the two planes which touch at any quoin 
have incompatible stresses; for instance, Plane ab might have at 6 a consid- 
erable compressive stress, while Plane be had a tension stress at the same point. 





FOLDED SLAB CONSTRUCTION 


Because the strain must be the same 
in both cases it is obviously not pos- 
sible that two neighboring points 
should have different stresses, and it 
is necessary to assume a distributed 
shear along each quoin which equal- 
izes these longitudinal normal stresses. 


An equation can be established at 
every quoin for such shear force, and 
there are as Many equations as there 
are quoins. In fact, these equations 
can be shown to have the same form 
as the three-moment equations for 
beams on as many supports, and they 
can be solved in exactly the same way 
as these. Once these shear forces, 
commonly called T-forces, are found, ] 
the stresses in the whole system can 


Fig. 4—Determining deformation of a 
be established. * quoin 


Differential deformations in the slabs 


Where the deflections remain of a size comparable with ordinary beam and 
slab construction, the first approximation described can be considered sufficient. 
However, it must be appreciated that folded slabs can easily change their cross 


section due to individual deflection, and such change in cross section may be 
sufficient to alter the flow of stresses completely; this will be particularly so if 
the angles between two consecutive planes are small. Generally speaking, 
the author has found that if sin a/2 > 3a/l further calculations should be 
made (here / is the length of the prism between two supporting diaphragms, 
a is the average width of two consecutive panels, a is the angle between them). 


When the shape of the folded slab is altered due to differential deforma- 
tions, two things may occur: (a) the bending moment distribution in the 
slab itself spanning between the quoins may be altered, and (b) the forces 
into which the loads are resolved will vary. It is the second of these partic- 
ularly which affects stability of the construction. The best way to deal with 
this is to calculate the deformation which would have arisen from the first 
approximation and to redraw the cross section of the construction with these 
deformations taken into account. It will be easily visible whether such de- 
formations are sufficient that a new calculation is required for the altered 
shape; with folded slabs where the angle is very obtuse, even a third calcula- 

*While the form of these equations is identical to the three-moment equation there is a considerable difference in 
principle. They are merely stress equations and have nothing to do with deformations; the fact that these equa- 


tions are satisfied does not necessarily mean that all deformations are compatible, as in the case of the three-moment 
equations of continuous beams. 
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Fig. 5—Cantilevered folded 
plates 














tion may have to be made. If the second and third approximation do not 
show strong convergence, this indicates that the over-all shape is unstable 
and should be avoided. 

The interesting way of determining the deformation of a quoin is shown in 
Fig. 4 in greater detail. Assume that there are two consecutive planes, cd 
and de. Plane cd may have a deformation of 6 de in the direction dX, which 
can be calculated in accordance with the ordinary theory of elasticity. The 
same plane is also capable of moving at liberty normal to the line cd, as it is 
assumed that the stiffness in this direction is infinitesimal. Similarly, the 
Plane de would deflect by an amount 6 de in direction dY, but could also move 
by an arbitrary amount normal to de. If lines are drawn perpendicular to 
ed at X, and perpendicular to de at Y, their intersection at O will be the only 
point to which d can move, which is compatible with the foregoing conditions. 
Therefore dO represents the deflection of Quoin d, and the figure shows clearly 
that under normal circumstances dO is considerably larger than either dX or 
dY, and that indeed its magnitude increases, the more obtuse the angle. 

Because of the thinness of the slabs, as with shell construction, shear and 
diagonal tension stresses are often the most critical. They can be dealt 
with as in ordinary reinforced concrete, i.e. be taken by the concrete up to 
the limit of its capacity, and where the concrete is incapable of doing so the 
whole of the shear would in European practice be taken by bent up bars, 
generally arranged at 45 deg. (These bent-up bars are plainly visible in Fig. 9.) 
All compression stresses are taken by the concrete, while the total tension is 
taken by steel. 


Cantilevers 


It has previously been explained that where two planes intersect, a quoin 
is formed which acts like a beam. No such beam is usually available at the 
eaves where there is generally a wall or row of columns to take its place. 





FOLDED SLAB CONSTRUCTION 453 


However, it is sometimes impossible to arrange for such a row of columns, 
and in this case the last plane must be cantilevered out as in Fig. 5. In this 
case quoins occur at b, c, d, and e, while points a and f are not supported. 
Both ab and ef cantilever out therefore, and it is good practice to make this 
cantilever somewhat shorter than the other planes. 


POST-TENSIONED FOLDED SLABS 


One way of dealing with shear stresses, as well as with longitudinal tension 
stresses, is post-tensioning. If a post-tensioning force acts where arranged 
along Quoin a of Fig. 1, stresses are induced in the first instance in Plane ab, 
but in the same way as before shear forces have to be introduced at Quoin b 
and also at the following quoins in order to equalize the stresses, and finally, 
a diagram of longitudinal stresses can be obtained over the whole cross section. 
It is possible, therefore, to calculate a prestressing force which is large enough 
to cover all tension stresses that would otherwise occur. Such prestressing 
forces would generally be arranged near to the line where the greatest tension 
occurs, and it could be of sufficient magnitude to cover all tension stresses. 
However, for practical reasons it is sometimes preferable to arrange post- 
tensioning at two or more points. The great advantage of post-tensioning 
in conjunction with folded slabs is the fact that the diagonal tension stresses 
are considerably reduced, and consequently the amount of steel necessary 
for shear reinforcement. When post-tensioning has been arranged the great- 
est diagonal stresses will not occur at 45 deg any more, but at a steeper angle, 
and if any reinforcement is still required it should be arranged correspondingly. 

Because of the thinness of the slabs it is often not convenient to introduce 
stressing cables which are curved. They are best arranged straight at points 
where the slab can be thickened, usually along the eaves, or at other quoins. 

Post-tensioning can usually be done 
against the weight of the construction, 
so that the placing of cables at the 
eaves is justified. However, as always 
when there are straight cables only, 
there is the possibility of tension 
stresses arising near the supports at 
the ridge of the construction, and this 
can be overcome by slight extra rein- Fig. 6—Typical cross section of theater 
forcement. ower 


a 





b Cc 





Sometimes one or all planes should be steeper than the limit previously 
mentioned. This can be due to architectural requirements or to the fact that 
a certain depth must be obtained for structural reasons, while there is not 
much width available to get sufficient slope. In such cases the composite 
construction is not very suitable because it would require rather expensive 
top formwork, nor would cast-in-place construction be any better. It is 
then possible to use only precast concrete units; they are made to act together 
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Fig. 7—Stair landing and flights may be considered as folded slab 


as a beam, not by means of top concrete, but by post-tensioning only. The 
post-tensioning is in this case similar to the one mentioned before, but it 
has to be more extensive to insure that all units are compressed together 
efficiently so that all shear stresses can be taken. It is obviously impossible 
in such cases to have any diagonal bars or other shear reinforcement. The 
dimensions must be arranged so that the shear stress is taken by the concrete 
only, and so that the diagonal tension stresses are sufficiently small that they 
can be taken without difficulty. 


OTHER APPLICATIONS OF FOLDED SLABS 


Folded slabs are not entirely limited to roof construction. They can be 
used whenever two planes intersect, none of which contain all forces entirely. 
A good example is the gallery in cinemas, theaters, and similar structures. In 
Fig. 6 a typical cross section is shown, and if the Planes ab and be are both 
solid slabs, or if one or both of them is made rigid by latticing or otherwise, 
the line represented in section by Point b can be considered to be supported 
by the two planes ab and be. This is very useful because any cantilever beams 
become unnecessary, and if a slab can span from a to b and b to c, the whole 
of the interior can be kept free for air conditioning ducts or other services. 
A rather more complicated gallery of this type was recently carried out for the 
London County Council (see Fig. 13). 








FOLDED SLAB CONSTRUCTION 


Fig. 8—Assembly hall at Thomas Linacre School, Wigan (England) roofed with folded 
slab, composite construction 


Another application of folded slabs is found in intermediate stair landings. 
For architectural reasons, such landings often cannot be supported vertically 
at all, while a horizontal support is possible. In this case the landing, together 
with the flights, may be considered to be a folded slab, and a system results 
as shown in Fig. 7. If the main landings are fixed to the main slabs as usual 
and thus stiffened, this construction does not involve higher expenses than 
traditional construction. 


EXAMPLES OF RECENT FOLDED SLAB WORK 


Fig. 8 shows an assembly hall in the north of England constructed in the 
way described on p. 450. In the picture four rows of troughs can be seen. 
There were three lines of scaffolding struts, with as many temporary beams 
supporting the troughs when they were laid. The troughs themselves were 
strong enough to support the workmen and the wet concrete (Fig. 9), and of 
course the scaffolding and beams were removed as soon as the concrete top- 
ping and the two diaphragms (74 ft apart) had hardened. The thickness of 
the concrete measured through the ribs was 6 in., which was ample to get the 
necessary buckling stiffness. The actual total thickness of the slab was only 
2 in. (1 in. of trough plus | in. cast-in-place concrete)—a thickness which 
proved sufficient to take the compressive stresses at the crown, and the average 
weight was equivalent to a 2'%-in. solid slab. The slab was thickened slightly 
near the eaves in order to give cover to the concentrated reinforcement. In 
this case, architects Howard V. Lobb and Grenfell Baines used the pattern 
of the exposed troughs for the inside ceiling surface as shown in Fig. 8 on three 
sides of the central sounding boards. 


A completely different treatment is illustrated in another assembly hall 
at Hatfield (architects, Easton and Robertson). In this case the roof con- 
sists of two planes only, each 25 ft long. It would have been (at that time) 
rather expensive to span a slab directly from eaves to ridge, so a rather more 
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Fig. 9—Workmen preparing reinforcement for cast-in-place portion of assembly hall 
roof at Wigan 


complicated arrangement was chosen. As indicated in Fig. 10 giving a por- 
tion of the longitudinal section of the building, a number of prestressed planks 
(A) were laid, 5 ft 6 in. on centers, from eaves to ridge, with troughs similar 


to the ones previously shown covering the area between the planks. Con- 
crete was then cast on top, and the cover was kept to 1% in., making a total 
of 21% in. with the thickness of the precast unit. In this case the shear stresses 
become rather large toward the end of the hall (110 ft long), and there the 
thickness of concrete was increased to 31% in. including the trough. The 
extra weight had very little influence on the reinforcement, as it occurred 
only near the ends of the building. 


An example of a post-tensioned folded slab is given in Fig. 11. This is an 
agricultural roof consisting of two planes only, 67 ft long. In this case a cast- 
in-place slab was arranged, and the tension at the bottom was taken by means 
of four post-tensioned 12-wire Freyssinet cables, accommodated in the space 
under the gutter. As it was not possible to curve the cables, tension stresses 
could occur near the ridge on either end of the building, and reinforcement 
was provided for this (architects, Stillman and Eastwick-Field). 

As mentioned before, composite construction becomes unsuitable when the 
slope of a roof slab is greater than 1:3. The main roof of a church executed 
recently (architects, Johns Slater and Haward) has a slope of 60 deg and 
consists of a number of prestressed T-beams side by side with the web on the 
inside. In order to make all the flanges act together as a solid slab they were 
longitudinally post-tensioned at the eaves. Holes were left across the flanges 
through which the prestressing wires were pushed, the whole of the construction 
being temporarily supported on scaffolding. Fig. 12 shows the construction 
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Fig. 10—Another scheme for composite folded slab 
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Fig. 11—Post-tensioned folded slab 
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Fig. 12—Roof at 60-deg slope comprised of prestressed T-beams side by side 
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from outside. Notice that the flanges are cut short 6 ft from the ridge, so 
that any two opposite T-beams are hung against each other by their web 
only. This is possible since within that short distance from the top hinge the 
bending moment is small, and the intention was to glaze this portion. 

A gallery recently planned for the London County Council is shown in Fig. 
13. The auditorium was hexagonal, and a gallery that fitted the general 
shape was desired, with the front edge not straight in plan. In this case 
a folded slab was used, similar to that shown in Fig. 6. The horizontal 
slab was solid to comply with fire regulations. Because there were to be 
precast units forming steps, there was no real need for a sloping slab, and 
this was replaced by sloping latticed girders constructed from precast units, 
the ends of which had projecting bars and were cast into the edge of the 



























































SECTION A-A 





Fig. 13—Gallery for London County Council Auditorium 
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Fig. 14—Partial cross section of roof spanning 80 ft for a London school 


horizontal slab. The sloping latticed girders in their turn were supported 
by a star beam, i.e. a beam following the shape of the building and supported 
at three points (a, b, c in Fig. 13). 


Fig. 14 shows the cross section of a roof spanning 80 ft for the assembly 
halls and gymnasia of a high school in London (architects, Bridgwater and 
Shepheard). The shape was dictated by the architects, and the horizontal - 
portions were of composite construction, while the steep portions where 
composite construction was not possible were made from precast units post- 
tensioned as in the previous example (Fig. 12). In this case a certain portion 
of cast-in-place concrete was arranged at the ridge and near the eaves, and 
post-tensioning cables introduced at these places. Strictly speaking, post- 
tensioned cables would not have been necessary at the ridge for overcoming 
the tension stresses, but were introduced in order to make sure that there was 
a continuous compression between the consecutive precast concrete units (B). 
Grout was introduced between these units before tensioning. 

For another assembly hall now in progress, the folded slab not only forms 
the roof, but is carried around the side elevation so that in fact it replaces a 
rigid frame. Because of headroom it is carried down to a height of 6 ft 8 in. 
only, with the vertical portion of the frame being carried through to the 
bottom and made sufficiently rigid to take the bending moments caused by 
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Fig. 15—Construction completed at First Presbyterian Church, Stamford, Conn. 


the horizontal thrust. In cross section the roof portion of the structure is a 
simple zig-zag, and longitudinal stiffness has become necessary where the 
planes change direction, i.e. at the eaves and at the ridge. 

The First Presbyterian Church at Stamford, Conn. (architects, Harrison 
and Abramovitz) is built on a similar principle, and represents in fact an 


entire folded slab construction extending over the sloping external walls as 
well as the roof (Fig. 15). The center portion and the west gable were ‘“‘trian- 
gulated” in order to introduce a structure that is completely self-supporting 
without any bending stresses being transmitted from one portion to another. 
Each plane is one precast unit 8 in. thick, and connecting steel has been in- 
corporated in the cast-in-place joints between the units. In all the triangular 
units which form the center portion of the wall large openings were intro- 
duced to carry stained glass windows. The remaining portion, which has no 
stained glass windows, is constructed on the same principle, but with quad- 
rangular precast slabs. 


Discussion of this paper should reach ACI headquarters in tripli- 
cate by Jan. 1, 1959, for publication in the June 1959 JourNAL. 
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design and construction 
Title No. 55-30 


Because of its narrow width and the : 
required resistance against wind forces R/C core main 
and earthquakes, the main structural 
element of the tower is formed by the 
reinforced concrete core which houses the 
building services, i.e., elevators, staircases, Stru ctu ral element 
and lavatories. This cellular core resists 
all horizontal forces and carries the greater 
part of the vertical loads. 

The office section surrounding this core 
is a composite of structural steel and rein- in 
forced concrete to reduce the column sec- 
tions to a minimum and to achieve rapid 


construction. The method of analysis of 
the core is described, as well as the con- 
struction procedure which resulted in the we 


construction of one complete floor in 7 
working days. 


@ The office tower is the main OFFICE 


element of the building complex 
which forms the head office for the 


British Columbia Electric Co., Ltd., * 
in Vancouver. This tower is com- 
pletely separated structurally from 


the adjacent lower blocks, and its 

design presented some interesting 

features because of its narrow By OTTO SAFIRT 
width and other planning require- 

ments. 


The tower (Fig. 1) consists of a subbasement, basement, ground floor 
with part mezzanine, 21 typical upper floors, and a three level penthouse. 
It rises to a total height of 319 ft above foundation level, or 287 ft above 
entrance level at ground floor. In plan (Fig. 2) the tower is 200 ft long and 
has a width varying from 45 ft at the ends to 72 ft in the center. The shape 


*Presented at the ACI 54th annual convention, Chicago, Ill., Feb. 26, 1958. Title No. 55-30 is a part of copy- 
righted JouRNAL or THE AMERICAN Concrete INstiTUTE, V. 30, No. 4, Oct. 1958, Proceedings V. 55. Separate 
prints are available at 50 cents each. Discussion (copies in triplicate) should reach the Institute not later than 
Jan. 1, 1959. Address P. O. Box 4754, Redford Station, Detroit 19, Mich. 

tMember American Concrete Institute, Consulting Engineer, Vancouver, B. C., Canada. 
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of the tower core was determined by reasons of strength and deformations 
under wind loads; the over-all shape of the building plan was the result of 
architectural considerations, mainly daylighting, i.e., no desk was to be 
more than 15 ft from an exterior wall and window. Width of the office space 
from the interior wall to the windows is 20 ft 6 in. On most floors a 4 ft wide 
corridor reduces the clear office width to approximately 16 ft. 


STRUCTURAL DESIGN CONSIDERATIONS 


The following considerations influenced the design of the structure. 
The over-all height of the building was limited by city by-laws and to 
accommodate the maximum number of floors within this height, the floor 
thickness had to be kept to a minimum. With the structural system chosen 
it was possible to achieve a clear ceiling height of 9 ft with a floor to floor 
height of 10 ft 9 in., and accommodate the equivalent of 23 stories within 
the limiting height. To achieve this small over-all floor thickness of an air 
conditioned building (structural thickness is 16 in.—5 in. for floor finish and 
suspended luminous ceiling), it was essential to integrate fully the structure 
with the mechanical and electrical 
Poy tue services. 
| Comfort of the occupants working 
in the building was considered essen- 
tial and dictated that the horizontal 
movements of the building under wind 
forces be an absolute minimum. The 
building is designed to withstand 
earthquake forces and forces from 
winds up to 90 mph which, in accord- 
ance with the Canadian National 
Building Code, cause horizontal forces 
of up to 40 psf of wall area at the top 
of the building. Because of the narrow 
shape of the plan this limitation of the 
horizontal movements imposed partic- 
21 FLOORS } 
ular structural problems and various 
systems were investigated before the 
final solution was evolved. In partic- 
ular, systerns employing multistory 
rigid frames had to be rejected as 
they required considerably greater 
structural depth of the floors and re- 
sulted, therefore, in a reduction of the 
——— total number of floors possible within 


Fig. 1—Cross section through tower the given height. 











22-STORY OFFICE TOWER 


Fig. 2—Typical floor plan 


Speed of construction was also an important consideration in selecting 
the structural system. Shoring and re-shoring of floors below those on which 
structural work was in progress was avoided so as to allow finishing operations 
to follow close behind the structural work. 


STRUCTURAL DESIGN DETAILS 


The structure as developed comprises, as the main element, a reinforced 
concrete core constructed similar to a grain elevator with intermediate floor 
slabs. This core houses all the essential services in the building, i.e., eleva- 
tors, mail conveyors, ventilation and other service ducts, staircases, and 
lavatories. The interior walls of this reinforced concrete core are parallel 
to the exterior walls of the building, from which they have a distance of 
20 ft 6 in. The reinforced concrete core resists all horizontal forces caused 
by wind or earthquakes, and it carries the greater part of the vertical loads 
of the building. 


The floor construction of this 20 ft 6 in. wide strip, which is the actual 
office area, is carried on the reinforced concrete core, and on the outside on 
columns spaced 10 ft on centers. It consists of beams spanning between the 
columns and the core walls with reinforced concrete floor slabs spanning 
10 ft from beam to beam. The floor beams spanning between the core walls 
and the exterior columns (20 ft 6 in.) are partially fixed in the core walls, 
and this arrangement reduces the loads in the exterior columns (Fig. 3). 


These columns project to the outside of the building, giving a flush interior 
face to all offices and acting as main grid lines for the curtain wall cladding 
of the building. The columns are of uniform section in all typical floors to 
facilitate the curtain wall construction. The columns are constructed as 
composite sections comprising a structural steel core encased in reinforced 
concrete. On the lower floors this structural steel core consists of two steel 
plates welded together to form a T, and on the upper floors the steel core com- 
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Fig. 3—Structural details 


prises two unequal angles back to back. Although it was not necessary for 
strength reasons, the steel core was continued with a minimum section in 
the uppermost floors for uniformity of erection procedures. 


The beams carrying the floor of the office section are also composite, con- 
sisting of a rolled steel beam encased in reinforced concrete. The steel beams 
are connected to the structural steel cores of the columns and are supported 
on bearing plates on the walls of the reinforced concrete building core. The 
steel sections carry, as simply supported beams, the dead weight of the con- 
crete, i.e., the formwork for the concrete floor slabs and beam encasings was 
suspended from the stee] beams. Additional round steel reinforcement resists 
the fixing moments of the beams at the columns and at the core walls, and 
all loads other than the dead weight of the reinforced concrete are carried on 
the partially fixed composite section. This method of floor construction 
avoided the need for any shoring and re-shoring of floor slabs. 


BUILDING CORE 


The reinforced concrete core of the building is designed as a cantilever 
structure above the ground floor slab, resisting all horizontal forces due to 
earthquake or due to wind forces of up to 40 psf at the top of the building. The 
full width of the building is used as a base below the ground floor. The 
basement and subbasement are a cellular structure with crosswalls at ap- 
proximately 30 ft on centers (Fig. 4), out of which the reinforced concrete 
core rises at ground floor level. The foundation below the subbasement 
consists of a pad under the actual core with strip foundations under the 
exterior and under the crosswalls of the basement. The average bearing 
pressure of the foundations is 14 kips per sq ft carried on a medium hard 





22-STORY OFFICE TOWER 


Fig. 4—Basement plan 


sandstone. The crosswalls of the basement and subbasement withstand 
the unbalanced forces caused by the horizontal loadings and by any uneven 
settlement of the foundations. 


The reinforced concrete core is essentially a gravity structure. The thick- 
ness of its walls varies with the height; a minimum wall thickness of 8 in. 
was used at the upper floors and this was increased to 15 in. on the lower 
floors and 16 in. on the basement and ground floor. 


An analysis of the core structure showed maximum tensile stresses of 
approximately 200 psi for a combination of minimum vertical loads with 
maximum wind or earthquake moments. These are tensile stresses taken 


Load Axis 











Fig. 5—Graphic analysis of building core 
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Fig. 6—Interior view of com- 
pleted floor showing under- 
floor conduits 


on the uncracked concrete section. This tensile stress is well below the 
accepted tensile strength of the 4000-psi concrete employed, but it does not 
provide an indication of the true factor of safety of this main structural 
element and neglects effect of construction joints on bond. 

The stresses in the core were, therefore, also examined for “ultimate” 
wind loads on the basis of a cracked section. An ultimate load factor of 
4.00 was used, combining such “ultimate’’ wind moments with the minimum 
dead loads. Fig. 5 shows the principle of the graphic analysis used to deter- 
mine the neutral axis of the ‘“‘cracked”’ reinforced concrete section based on 
the method developed by Spangenberg. [The area of the section, both con- 


crete (A,.) and steel (A,), transformed to (nA,) is divided into small strips 
(1 to 12). The products of these areas multiplied by their distance from 
the load axis are considered as weights whose center of gravity is the neutral 


axis of the section for the loading. The funicular polygon construction shown 
in Fig. 5 determines the neutral axis taking into account the concrete sections 
only on the load side of the neutral axis. The stresses in the concrete and 
steel are then determined. | 


’ 


On this basis “ultimate’’ maximum fiber stresses in the concrete were 
4000 psi at ground floor level and tensile stresses in the steel were 65,000 
psi. The horizontal movement of the building at roof level under forces 
caused by a 90 mph wind was 24 in., and this figure was considered permissible. 
Since the building was completed no damage to partitions or other installations 
due to lateral movements has been observed. 


INTEGRATION OF STRUCTURE WITH SERVICES 


As mentioned earlier, the reinforced concrete core accommodates the 
vertical runs of all essential services in the building. The air conditioning 
ducts in the actual office section are accommodated within the depths of 
the beams below the floor slab, and in larger supply ducts running along the 
core walls above the corridors. Electrical underfloor services are carried 
in conduit located immediately below the soffits of the floor slabs accessible 
from the floor above and also accessible from below through the luminous 
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Fig. 7—Erection of steel col- 
umns and floor beams 


ceiling. Provision was made in the floor beams for the great number of 


electrical services, the steel beams were fitted with pipe sleeves for the 
passage of the conduits (Fig. 6). 


CONSTRUCTION PROCEDURE 


After construction of the basements in the usual way, erection of the super- 
structure of the tower commenced on a regular schedule. Forms for the 
core walls and floor slabs of the core were erected, reinforcement was placed, 
and these walls were concreted to the underside of the steel beams. 

The structural steelwork was erected after removal of the exterior wall 
forms the following day (Fig. 7). The structural steel columns were spliced 
at every second floor and adequately braced with temporary bracings. The 
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rolled steel beams were connected to the steel columns by high tensile bolts 
and supported on the concrete of the core walls with steel bearing plates ad- 
justable for height and position and clamped to the steel bearing plates with 
small bulb angle clamps which were welded when erection of one-half the 
floor was complete. The formwork for the column casings was then placed 
and formwork for the floor beams and floor slabs was suspended from the 
rolled steel beams. After placing of the reinforcing steel, concrete was placed. 
One-half of a tower floor was constructed in this fashion at a time, and a com- 
pletion cycle of 7 working days for a typical tower floor was achieved. Fig. 
8 shows the structure in the course of erection; the structural steel columns 
with bracing are visible at the top of the building, and fixing of the curtain 
wall has commenced on the lower floors. 

Excavation for the building commenced in July, 1955, and the floor slab 
of the first floor was cast in January, 1956. The last floor slab was cast in 
September, 1956, and the building was completed and occupied by the owners 
in February, 1957. 
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Discussion of this paper should reach ACI headquarters in tripli- 


cate by Jan. 1, 1959, for publication in the June 1959 JourNAL. 








research and development 
Title No. 55-31 


PRECAST CONCRETE GIRDERS 


reinforced with 


HIGH STRENGTH DEFORMED BARS 


By J. R. GASTON and EIVIND HOGNESTADt 


Two 0.38-scale model roof girders were tested to develop 
an unusual type of precast concrete building frame. The roof 
girder selected departs from customary practice primarily by its 
slender and graceful T cross section, by its high strength longi- 
tudinal tension reinforcement, and by its inclined stirrup rein- 
forcement. Structural design was based on the ultimate strength 
design procedure given in the appendix of the 1956 ACI Building 
Code, with some departures justified by the model girder test 
results. Twenty 58-ft girders were later manufactured for two 
laboratory buildings. 


UNUSUAL PRECAST BUILDING FRAME 


In early design stages of two new laboratory buildings at the Portland 
Cement Association Laboratories, it was decided that recent developments 
in structural concrete would be utilized to a greater extent than is at present 
customary in building construction. Functional requirements of the two 
buildings, the Structural Laboratory and the Fire Research Center, called for 
an open crane-bay superstructure about 58 ft wide and 40 ft high from first 
floor to roof level. Furthermore, special requirements related to the use 
of the buildings as laboratories called for extremely heavy box-like foundations 
in both cases. 

The superstructures were ideal for precast concrete construction since 
considerable repetition of identical structural units was possible within each 
" *Presented at the ACI 54th annual convention, Chicago, Ill., Feb. 26, 1958. Title No. 55-31 is a part of 
copyrighted JOURNAL OF THE AMERICAN ConcreETE InstiTUTE, V. 30, No. 4, Oct. 1958, Proceedings V. 55. Separate 
prints are available at 60 cents each. Discussion (copies in triplicate) should reach the Institute not later than 
Jan. 1, 1959. Address P. O. Box 4754, Redford Station, Detroit 19, Mich. 


_ tMembers American Concrete Institute, Associate Development Engineer and Manager Structura 1 Development 
Section, respectively, Portland Cement Association, Chicago, Ill. 
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structure as well as between the two structures. Preliminary designs there- 
fore turned to a system of precast columns, wall panels, roof girders, roof 
slabs, spandrel beams, and crane girders. 


The ultimate strength design method given in the appendix of the 1956 
ACI Building Code (ACI 318-56)* was used in the structural design. How- 
ever, it was decided to exceed moderately the 60,000 psi maximum value 
for stress in reinforcement at ultimate strength given by Section A603(e). 
Design of some details, such as roof girder web reinforcement, also departed 
somewhat from the limits and principles of ACI 318-56. 

Thus, the experimental investigation reported herein was undertaken to 
develop and to test an unusual type of precast concrete building frame. 
The roof girder selected departs from customary practice by its slender T- 
shaped cross section, by its high strength longitudinal reinforcement, and 
by its inclined stirrup reinforcement. 

Two model girders were tested. The purpose of the first test was to deter- 
mine the general behavior of the girder from zero load to ultimate strength, 
with particular attention given to flexural cracking and performance at 
service load. In the second girder test, attention was focused on adequacy 
of web reinforcement, action of face bars provided to reduce the width of 
cracks in the web, and the strength and performance of the girder-column 
connection. 


TEST GIRDERS 

Prototype frames 

The frame system and the roof girder shape were selected as a result of 
suggestions originating with Ulf Bjuggren and Torsten Lundin of Stockholm, 
Sweden. Columns 2 ft square and about 38 ft tall are fixed to the foundation. 
Crane girders and spandrel beams span 22 ft longitudinally between columns, 
and roof girders span 58 ft transversely between pairs of columns. The roof 
girders are connected to the columns in a manner designed to permit rotation 
without development of negative frame corner moments. However, the 
connection permits a horizontal force to be transmitted in each frame through 
the girder from one column top to another. Thereby both columns of a 
frame may be designed to “share’”’ sidesway moments due to wind and crane 
loads. The maximum compression so transmitted through the girder is 
less than 5 percent of the internal compression due to bending of the girder. 


The roof girders selected have a T-shaped cross section 4 ft deep at mid- 
span and 3 ft deep at the ends. Structural frame design was carried out for 
a design minimum concrete strength of 5000 psi and a design minimum yield 
point for the main longitudinal tension reinforcement of 70,000 psi. A longi- 
tudinal tension reinforcement of eight #9 bars with a total area of 8.0 sq in. 
satisfied design requirements. 


*ACI Committee 318, “Building Code Requirements for Reinforced Concrete (ACI 318-56),"" ACI Journat, 
May 1956, Proc. V. 52, pp. 913-986. Further reference to Code is given by section only. 
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Fig. 1—Testing arrangement for Girder 1 


Test specimens 


A 0.38-scale model of the prototype was the largest specimen that could be conveniently 


handled in the laboratory. Fig. 1 and 2 show over-all views of the testing arrangement for 


the two test girders, and their dimensions are given in Fig. 3. The total depth of the test 
girders was 0.38 X 4 ft = 1814 in. at midspan, and 0.38 X 3 ft = 13% in. at the ends. To 


simulate the roof loading of the prototype, the test girders were loaded at eight points as 
shown in Fig. 3. 


The columns of the prototype frames were designed in accord with the appendix and other 
applicable provisions of ACI 318-56. The column design procedures involved, therefore, 
are substantiated by numerous previous tests. It was necessary in this investigation, how- 


ever, to develop a satisfactory connection between girders and columns. To accomplish 


Fig. 2—Testing arrangement 
for Girder 2 
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his, the test girders were supported on column stubs as shown by Fig. 1 to 4. For Girder 
|, the connection was merely a pocket in the column head into which the girder was seated. 
he girder rested on a steel bearing plate, and the space between girder and column pocket was 
grouted. A bituminous paint was applied to break bond and thus prevent continuity between 
girder and column. Caulking compound filled the space under the girder in front of the 
bearing plate. The connection for Girder 2 was a 0.38-scale model of the one selected for 
use in the prototype. Stubs of the spandrel beams were provided, and the girder flange was 
discontinued at the face of the spandrel beams. A 14-in. bolt was used to secure the column 
to the girder. This bolt serves erection purposes only. It is inactive for all loading cases 
considered in the prototype design. 


Materials and fabrication 


Design minimum concrete strength for the prototype was 5000 psi. The concrete mixture 
used in the laboratory, 1:2.5:1.7 by weight, was proportioned to produce this strength at an 
age of 1 week. The cement used was a laboratory blend of four brands of Type I portland 
cement. The cement content was 7% bags per cu yd, w/c by weight was 0.45, coarse aggre- 
gate was a gravel of 34 in. maximum size, and slump was 3 in. Girder 1 was tested at an 
age of 7 days when the average strength of 6 x 12-in. test cylinders made and cured with 
the girder specimen was 4730 psi. Girder 2 was tested at 8 days, and the cylinder strength 
was 5230 psi. 

Main tension reinforcement with a minimum yield point of 70,000 psi was selected for the 
prototype girders in which the ultimate strength was controlled by tension. However, to 
test the strength of the compression zone and the web, flexural failure was delayed by using 
main tension reinforcement with an average yield point of 90,000 psi in the model girders. 
The #4 deformed bars (ASTM A 305) were rolled from alloy steel billets, AISI No. 9261. 
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The physical properties of these bars are given in Fig. 5. The compression reinforcement, 
stirrups, and face bars of the test girders were #2 deformed bars having an area of 0.045 sq 
in. and a yield point of 55,000 psi. 

The girders were cast in plastic coated plywood forms with close adherence to the dimen- 
sions given in Fig. 3. The fabrication and placing of reinforcement cages was carried out to 
tolerances of less than 14 in. Concrete was placed in the test girders and companion cylinders 
by internal vibration. Following 3 days of moist curing, all specimens were stored dry 
in the laboratory until they were tested. It was noted that the taper of the web permitted 
the girders to be lifted out of the forms without dismantling the forms. This could simplify 
form design and mass production of the type of girder involved. 


Design of test girders 

The main tension reinforcement of Girder 1 consisted of six #4 bars with 
a total area of 1.20 sq in. This represents closely the area corresponding 
to the prototype, namely, 8 X 0.38? = 1.16 sq in. To design web reinforce- 
ment for the test girders, and to study their service load behavior, it was 
necessary to calculate a service load for the test girders corresponding to 
that of the prototype. For this purpose, compression reinforcement and the 
small axial force were neglected and the prototype’s 70,000 psi yield point 
and 5000 psi concrete strength were assumed. Flexural strength is controlled 
by the section at the load points nearest midspan, for which the effective 
depth d = 15.5 in. By ACI 318-56, Section A607(a), the depth to the 
neutral axis at ultimate strength = 1.30 gd = 1.30 K 0.12 XK 15.5 = 2.4 in. 
This depth is less than the average flange depth of ¢ = 3.0 in., and g = 0.12 
is less than the limiting value at 0.40 given by Section A605(c), so that the 
ultimate moment is given by Section A605(b): 


M, = bd? f.’ q(i — 0.59q) = 1210 kip-in. 


in which 


SS PO Seat... a ez f.’ = eylinder strength = 5000 psi 
3 3.5? + (2 + 3.5) | = 3in. 


2 A,f,/bd f.’ = 0.12 
= ultimate moment A, = area of tension reinforcement = 1.2 


total flange width = 9 in. sq in. 
= effective depth = 15.5 in. j tension steel yield point = 70,000 psi 


For the test girder loading, the ultimate load is: 
1210 © = 36.4 ki 

-_ = — = OO. 1ps 

— 


The live load of the prototype is less than the dead load, so that a load factor 
K = 1.8 applies. Hence, the test girder service load including the weight 
of the girder is 36.4/1.8 = 20.2 kips, and the service load shear, V, at each 
beam end is 10.1 kips. 
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Shearing stress at the girder end is: 


V 10,100 ; 
yo — = — ——— = 293 psi (2) 
bjd 3X09 X 12.75 


which exceeds the 240-psi ceiling given by Section 803(c) for beams with 
vertical stirrups used alone as web reinforcement. Stirrups inclined 60 deg 
were chosen as web reinforcement for the prototype. Since high strength 
longitudinal reinforcement cannot be welded in the field, the stirrups were 
only tied to the main reinforcement with soft wire, although Section 802(a) 
calls for inclined stirrups to be “‘welded or otherwise rigidly attached to the 
longitudinal steel.” 


The stirrups were designed by Section 804(d) of the ACI Code: 


' eer 
seals f. jd (sin a + cos a) 


in which 


A, = stirrup area = 2 X 0.045 = 0.09sqin. jd 0.9d 
s = horizontal stirrup spacing a stirrup inclination 
f. = tensile unit stress = 20,000 psi 60 deg 


By Section 801(d), the shear, V’, carried at service load by web reinforce- 
ment should be taken as the excess over a 90 psi shearing stress permitted 
for the concrete of an unreinforced web. It was felt that, in the present 
case of an unusually slender girder with high strength materials, the result- 
ing stirrup reinforcement would be too light in the midspan region. It was 
chosen, therefore, to design the stirrups throughout the girder span for a 
value of V’ equal to 2/3 of the total shear present at a section. The stirrup 
reinforcement designed in this manner is shown in Fig. 3. 
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Girder 2 had web reinforcement identical to that of Girder 1. The longi- 
tudinal main reinforcement was increased to eight #4 bars, thus still further 
delaying flexural failure by exceeding both the yield point and the steel 
percentage of the prototype. This was done to ascertain the strength of 
the web reinforcement. Face bars were added to one-half of the girder to 
determine their effect on flexural cracking. 


TEST RESULTS 


The general behavior of both test girders was entirely satisfactory through- 
out the test. In both cases ultimate strength was governed by yielding of 
the main tension reinforcement below one of the two load points located 
L/16 from midspan. Girder 2 failed in the half without face bars. 

Ultimate flexural strength 

The ultimate loads P,,,,, including dead weight of girder and loading 
frame, are given in Table 1 together with other pertinent strength data. 
Using 90,000 psi longitudinal reinforcement, the average flange depth of 
3.0 in. is less than the depth to the neutral axis given by 1.30 qd [Section 
A607(a)|. Accordingly, the ultimate moment is given by Section A607(b) 
of the ACI Code: 


M, = (A, — As) fd [1 — 0.59 (qu — gr)] + Aas fy (d — 0.58) 
in which for Girders 1 and 2, respectively: 


area of tension reinforcement = 1.20 6b’ = average width of web = 3 in. 
and 1.60 sq in. = average flange thickness = 3 in. 
0.85 (b —b’) ¢ f.’/f, = 0.804 and 


0.890 sq in. flective depth — 1 15.25 i 
yield point of tension reinforcement Cn Ee. a 


90,000 psi . A, f,/b'd f.. = 0.491 and 0.602 
= flange width = 9 in. / Ayf,/b'd f.’ = 0.329 and 0.336 


cylinder strength = 4730 and 5230 psi 


The corresponding calculated ultimate loads, P..4;-, are given in Table 1. 
It may be noted that the 60,000 psi yield point limit given by Section A603(e) 
was exceeded and that compression reinforcement was neglected. The 
values of gw — gy given in Table 1 are substantially below the maximum 
value of 0.40 given by Section A607(c), so that Eq. (4) is applicable. 

Ultimate flexural strength was also calculated by more refined methods 
using a curved stress-strain relationship for the concrete and using the actual 
girder cross section. For an assumed trapezoidal steel stress-strain relation- 
ship, calculated ultimate loads were obtained within a few percent of those 
given in Table 1 for Eq. (4). Using the actual steel stress-strain curve of 
Fig. 5, however, calculations give a steel strain of about 0.01 at ultimate 
strength, which corresponds to a steel stress by strain hardening of 100,000 
psi. The resulting calculated ultimate loads are in close agreement with 
the observed ultimate loads, P...:, given in Table 1. 
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TABLE 1—GIRDER FLEXURAL STRENGTH 


tirder I’, As, d,* 1 . 3¢d, P teat, 
sq in. in. at in. qe = @/ kips 


No. psi 


4730 1.20 15.5 0.164 3.3 0.162 


2 5230 1.60 15.25 0.301 0. 266 


*At load points L/16 from midspan. 
+Based on full 9-in. flange width. 


It may be concluded that, even in the present case of an unusually slender 
girder with high strength materials, a reliable and slightly conservative 
ultimate flexural strength design value may be obtained by Eq. (1) or (4), 
whichever is applicable. 


Girder deflection 


Deflections of Girder 1 were measured by dial gages (Fig. 1), and those of 
Girder 2 were obtained utilizing scales fastened to the girder and read with a 
surveyor’s level. Midspan deflections are given in Fig. 6a as a function of 
the total load. It is seen that Girder 1, which had tension reinforcement 
corresponding to that of the prototype, had a deflection of about 1 in. at 
full service load. This corresponds to 1/0.38 = 2.6 in. for the prototype. 
The prototype service load consists of about 27 percent live load and 73 
percent dead load. Assuming that dead load deflections will be doubled by 
the effect of creep, the total prototype deflection is 2.6 (2 & 0.73 + 0.27) 
= 4.5in. The prototype girders were therefore built with a camber of 4.5 in. 


Girder deflection was calculated using the moment of inertia of the gross 
concrete section, considering the effect of the variable girder depth, neglect- 
ing reinforcement, and using a modulus of elasticity equal to 1000 f.’. A 
load-deflection line obtained for 5000-psi concrete strength is plotted in 
Fig. 6a. It is seen that, for the unusual girder involved, the measured de- 
flection at service loads exceeds the calculated value. 


By a second method, deflection was calculated on the basis of the following 
assumptions: (1) concrete and steel stress are proportional to strain; 
(2) the concrete section is cracked, and no tensile stress is carried by the 
concrete below the neutral axis; and (3) the modular ratio is n = 30,000/f.’ 
as given by Section 305. The load-deflection curves obtained by this cracked- 
section method are also plotted in Fig. 6a. At low loads, the actual deflections 
were less than those so computed, because the girders were actually not 
cracked. At loads near the yield loads, actual deflections exceeded those 
calculated, because concrete and steel were approaching plastic action. In 
the region of service loads, however, deflection computed by the cracked- 
section method is in close agreement with measured deflections. 


Flexural strain 


Strain measurements were made on Girder 2 only. Flexural strain was 
measured near the two central load points at sections 225% in. from midspan. 
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At each section, strain in the compression flange was measured by five 6-in 
electric strain gages attached to the concrete surface. A 10-in. Whittemor 
mechanical gage was used to measure strain at four levels in the web. Finally, 
strains for all four steel layers were observed by electric gages attached to 
the reinforcement, waterproofed, and embedded in the concrete. 





70 
—_ 
Girder 2 

——— Pisie girder 2 


Theoretical Curves, —— P.ai- girder | 
Cracked Section 


—Peaic for fy = 70,000, girder | 


Load in Kips 


Theoretical by 
gross section / 


Total 


—-— Prototype service load, girder | 


Midspon deflection in inches 
j i 1 j 


25 30 45 





To 0.093 





Average concrete 
strain, flange top, 
critical section 


Yield strain of steel 


Total Load in Kips 


aS a 


Average tension steel strain 


at critical section 
Girder 2 only 


No strain measurements 
made for girder | 


Concrete and steel strain 
1 L L 1 L L j l 
00005 O001I0 o00I5 00020 00025 0.0030 00035 00040 00045 











Fig. 6—Deflection and strain data 








PRECAST GIRDERS 479 


The distribution of strain across both sections was linear from the first 
oad increment to failure. This substantiates numerous previous obser- 
ations justifying the design assumption that plane sections normal to the 
axis remain plane after bending. Average concrete and steel strain are given 
in Fig. 6b as a function of load. The concrete strain at failure exceeded 
0.003. The steel strain exceeded 0.01, confirming that the excess ultimate 
flexural strength over calculated values was due to strain hardening of the 
reinforcement. 


Control of cracking 


Reinforced concrete must be expected to crack at loads considerably 
below the full design service load. For a modular ratio n = 30,000/f.’, ten- 
sile stress in the concrete at the tension steel level is f, = f,f.’/30,000. Hence, 
if the modulus of rupture of the concrete is f, = 0.15 f.’, cracking must be 
expected at a tensile steel stress f, = 4500 psi. It is known that, for a given 
beam, the width of cracks is essentially proportional to steel stress, and it 
has been customary to limit crack width by limiting the allowable steel 
stress to 20,000 psi even when beam strength requirements would permit a 
higher steel stress. 


The high strength reinforcement selected for the prototype girders has 
a minimum yield point of 70,000 psi. For a load factor of 1.8, the tension 
steel stress at service load is then 40,000 psi. Accordingly, it was necessary 
to develop other means of crack control than that of limiting the steel stress. 
The slender T-shaped cross section of the girders was chosen to reduce 
costs and dead weight and to realize a graceful architectural appearance. 
In addition, it was an important function of the slender section to obtain 
a crack pattern consisting of numerous very fine cracks rather than a few 
wide cracks. 

The width of cracks was measured with a graduated microscope in both 
girder tests, and the location and extension of cracks were noted at several 
load levels. The crack patterns at loads near that corresponding to the 
prototype service load (20.2 kips) are given in Fig. 7. 


The width of flexural cracks in the constant moment region at midspan 


at a level 0.75 in. above the bottom of the girders is given in Fig. 7 as a func- 
tion of steel stress. Both the maximum crack width and the average width 
are given. Cracks near the beam ends, including diagonal cracks, were 
always narrower than those near midspan. Comparison is made with the 
results of an auxiliary group of tests involving three 8 x 16-in. rectangular 
beams loaded at third-points of an 11-ft span. 


It is seen in Fig. 7 that a change from rectangular to T-shaped cross section 
has a pronounced effect on both the maximum and the average crack width. 
At the prototype service load steel stress of 40,000 psi, the average crack 
width for the test girders is 0.001 to 0.002 in., which is the crack width for 
the rectangular beams at the customary steel stress of 20,000 psi. To control 
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racking, therefore, the selection of a narrow girder width is an effective 
ilternate in design to the customary measure of limiting steel stress. 


To determine their effect on cracking, face bars were provided only in 
one half of Girder 2. Fig. 8 gives crack width cumulated for all cracks from 





Fig. 8—Crack control by 
face bars Girder 2, P=23.2 Kips 
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the girder end to midspan. At a level 0.75 in. above the bottom of the girder, 
the curve for the girder half with face bars practically coincides with that for 
the half without face bars. At the higher levels, however, Fig. 8 shows that 
the face bars reduced the cumulative crack width substantially. The face 
bars effectively control cracking in the beam web, and they were used in the 
entire span of the prototype girders. 
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Fig. 9—Stirrup strain measurements 


It may be concluded that, for a service-load steel stress of 40,000 psi, the 
prototype girders must be expected to be extensively cracked. By the slender 


T-section and the additional crack control afforded by face bars, these cracks 
at service loads should be individually so narrow that they will not be 
objectionable. To substantiate this, it may be noted that 76-ft roof girders 
somewhat less slender than those discussed herein were built in Stockholm 
after a design by Granholm.* Though the design steel stress at service load 
was 47,000 psi, measured crack width 6 years after construction did not 
exceed 0.004 in. It is generally considered that a crack width of 0.01 in. 
represents a safe limit below which cracks will not impair the beauty or 
durability of reinforced concrete structures. 


Stirrup reinforcement 


Girders 1 and 2 sustained a shearing stress at their ends, calculated by 
Eq. (2), of 723 and 980 psi, respectively, when the ultimate flexural strength 
was reached. At these high shearing stresses, there was no indication of 
shear or diagonal tension distress, and the inclined stirrups aided by face 
bars limited diagonal crack width to a few thousandths of an inch. For 
the prototype girders, therefore, a 300 psi design shearing stress at service 
load is entirely satisfactory, in spite of the fact that the 240 psi maximum 
value given by Section 803(c) is exceeded. 

Electric strain gages were attached to four stirrups at each end of Girder 
2 at middepth of the web. The gages were waterproofed and embedded. 


*Granholm, H., ‘Modern Developments in Reinforced Concrete Design and the Influence of Research," Proceed- 
ings, Building Research Congress, London, 1951, Division 1, pp. 51- 
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TABLE 2—YIELD LOADS FOR END STIRRUPS _ 





P ‘wield, kips Pyiea/ (36.6 kips) 
Stirrup No. PS pa Petes ee ea ee 7 
from girder end With Without W Vith Without 
face bars face bars face bars face bars 


65 58 1.78 58 
58 47 i 28 
56 61 iy 67 
56 46 5: 26 


Average 6 1.45 


The strain data are given in Fig. 9 as a function of total girder load. The 
stirrup strains were small until diagonal cracking began at a load of about 
20 kips. The strains then increased, but more slowly for the beam half with 
face bars. The girder loads at which the yield strain was reached for the 
various stirrups are given in Table 2. 

For the 4.25-in. stirrup spacing and the 55,000 psi stirrup yield point used, 
Eq. (3) gives an average V’ of 18.3 kips between the support and first load 
point, and a total girder load of 36.6 kips. The ratio between the observed 
stirrup yield load and this calculated value of 36.6 kips averages about 1.5 

1 Table 2. This indicates that the stirrups carried 2/3 of a total shear 
when they yielded. The ultimate load for Girder 2 was 67.2 kips, and at 
this load the stirrups carried only 36.6/67.2 = 55 percent of the total shear. 
Even so, there was no indication of shear or diagonal tension distress. 


To facilitate fabrication, intermediate grade stirrups with a minimum 
yield point of 40,000 psi are used in the » ents pe. These tests indicate 
that such stirrups may safely be de- 
signed by Section 804(d), but to carry 
2/3 of the total service load shear 
throughout the girder span at a stirrup 
unit stress of 20,000 psi. The ultimate 
flexural strength of a prototype girder 
so designed can be fully developed 
without distress due to shear. It 
seems entirely satisfactory in this case 
to use inclined stirrups without weld- 
ing them to the longitudinal steel, in 
spite of the fact that Section 802(a) 
calls for welding. 





On the other hand, since no shear 
distress was observed in either of the 
two girder tests, it is entirely possible 
that stirrups designed to carry only the 
excess over a 90 psi shearing stress 


Fig. 10—Girder-column connection after 
permitted on an unreinforced web test. Top—Girder 1; bottom—Girder 2 
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could suffice. It is the opinion of the writers, however, that any major roof 
girder, any beam with high strength reinforcement, and any beam with an 
unusually thin web should be provided with some web reinforcement through- 
out its span. This is particularly so for precast members because unforeseen 
erection loads, such as torsion, could seriously damage an unreinforced web. 
Girder-column connections 

Both girders were tested to failure in flexure with no indication of structural 
distress in the girder-column connection. Even the large rotations after the 
girders reached the plastic stage of large deflection were accommodated 
adequately. As shown in Fig. 10, bearing of the flange of Girder 1 caused 
local spalling of the column corner. This took place at service load, and 
could have been prevented by caulking rather than grouting the space 
between the flange and the column. For Girder 2 and for the prototype, 
however, the girder flange was discontinued at the face of the spandrel beams 
as seen in the lower photograph of Fig. 10. The performance of this latter 
connection was excellent in all respects. 


CONCLUSIONS 


Since the 1956 ACI Building Code reflects the state of reinforced concrete 
design as represented by the best practice of the day, it was considered that 
any departure from the Code provisions should be well substantiated. 

On the basis of tests of two 0.38-scale model girders, it was found entirely 


safe and satisfactory in the present particular case to depart in design 
criteria from the Code provisions as follows: 

(1) The 60,000 psi maximum value for stress in reinforcement at ultimate 
strength as given by Section A603(e) was increased to 70,000 psi. 

(2) The 240 psi maximum value given by Section 803(c) for unit shearing 
stress at service load of beams with stirrup reinforcement only was increased 
to 300 psi. 

(3) The provision of Section 802(a) that inclined stirrups must be ‘welded 
or otherwise rigidly attached to the longitudinal steel” was waived. 

(4) It was considered desirable in the present case to use a more conservative 
stirrup design procedure than that given by Sections 801 and 802. Two-thirds 
of the total shear was considered carried by stirrups throughout the girder 
span, even where the shearing stress “permitted on the concrete of an un- 
reinforced web” was not exceeded. 

(5) Face bars were provided to control cracking in the girder web. 


Discussion of this paper should reach ACI headquarters in tripli- 
cate by Jan. 1, 1959, for publication in the June 1959 JouRNAL. 
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A research investigation on the ultimate shearing strength of reinforced and prestressed concrete 
lift slabs included the testing of 15 slabs, 12 of which were prestressed with unbonded cables. All 
specimens were 6 ft square and had thicknesses of 6, 8, or 10 in. The slabs were supported along all 
four edges and centrally loaded. 

Major variables were concrete strength, amount of prestressing or reinforcing steel, amount of 
initial prestress, size of steel collars, thickness of slab, and amount of collar recess. 

A comparison of the test results with expressions for ultimate shearing strength of reinforced concrete 
slabs proposed by Elstner and Hognestad and by Whitney indicate that these expressions, with proper 
interpretation, may also be used for the prestressed slabs included within this series of tests. 


IN RECENT YEARS the lift-slab method of construction has become a popular 
erection technique for buildings of the flat slab type. These slabs may be 
made of reinforced concrete or of prestressed concrete. The latter type has 
the advantage that deflection, which may be excessive in reinforced concrete 
slabs, can be minimized or even nullified by prestressing. The load on a lift 
slab is transferred to a column by means of a steel collar. This collar becomes 
an integral part of the slab at the time of casting and is fastened to the column, 
by welding or some other means, after the slab has been lifted to its final 
position. 
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Present design of flat slabs with respect to shear is based on only a limited 
amount of factual knowledge. For reinforced concrete lift slabs most de- 
signers follow current specifications similar to those given in ACI 318-56 for 
shear design of flat slabs. For prestressed slabs, present practice varies con- 
siderably but generally consists of keeping the punching shearing stress at the 


TABLE 1—DESCRIPTION OF TEST SPECIMENS 


Total Effective Average 
Collar thick- Av- Aver- prestress prestress 
Group Reinforced size ness Collar erage erage in steel in 
or r, t, recess, d,* Pp, te, concrete, 
Prestressed in. in. in. in. percent ksi psi 
R 13 6 25 2. 2813 
13 6 an 2.é 4059 
6 3.6% 45: 45. { 3956 
6 3. ea 91. 25 2935 
6 3.6: 45S , 25 4700 
6 4. 56 25. 5 2890 
6 3.6% 45% 3.6 Fs 4348 


6 3.6% 45% 91. 25 4376 
6 3.6: 45: 3.6 é 4668 


215 2 5125 
10 7.6% 21% 3.6 , 4919 

21% : 5228 

s 28 37: 4800 

S 5.6% . 29% 3.6 37é 5121 

VI 8-16 Ss 6.50 of 3329 


*Effective depth for flexure. To obtain effective depth for shear at collar subtract collar recess from these 
values. 


TABLE 2—PROPERTIES OF CONCRETE MIXTURES 
Nominal Water-cement ratio Mix ratio | Cement 
strength, by weight Percent sand factor, 
psi per sack By weight SSD by weight sacks per cu yd 
3000 j 0.67 
4500 6.4 0.49 2.17:3.3 4 
4500 g 0.44 71.78:2.9% 37. 7 


5. 
}. 


TABLE 3—AVERAGE VALUES OF CONCRETE PROPERTIES — 





Kelly ball 
E-,t penetration, 
psi in. 


Slab Mix te’, 

Group No. psi 
I 8S 1 2813 iy 2.37 X 108 2.9 

; 2 4059 ie 3.13 X 106 9 


II 2 3956 3.06 X 10° 
1 2935 55 2.75 X 10* 
3 4700 56 3.52 X 10° 
1 2890 .66 X 108 
3 4348 Oz 3.37 X 10* 


3 4376 525 3.55 
3 4668 3.13 


x 

X1 
x1 
x1 


o* 
5125 6 2.78 0* 
4919 fi 2.69 of 
5228 51¢ 2.88 


4800 


5121 
VI 8-16 3329 


*From 6x 6 x 20-in. beams loaded at third points of 18-in. span. 
tSecant modulus of elasticity at 1000 psi, from 6 x 12-in. cylinders. 
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edge of the collar below some arbitrary assigned value. This allowable value 
may range from 0.04 f,’ to 0.06 f.’. 

Little experimental work has been done to determine the shearing strength 
of such slabs. It was the purpose of this study to investigate the ultimate 
shearing strengths of prestressed concrete slabs (also some reinforced concrete 
slabs) with lift-slab collars and to compare experimental results for shearing 
strength with those indicated by various analytical expressions. 

Scope 

While present design practice bases the allowable shearing stress on only 
one variable, the cylinder strength, f.’, it is generally agreed that the ultimate 
shearing strength is also dependent on several other variables. The most 
important of these variables appears to be the distribution and relative mag- 
nitude of shearing and normal stresses on the critical section. Since in slabs 
the normal stresses are produced by flexural action, the shearing strength is 
therefore a function of the shear to moment ratio. In prestressed slabs the 
amount of prestressing will also have an effect on this variable. Another 
important factor to be considered is the amount of cracking that has taken 
place just prior to failure. This affects the net section available to resist 
shear at failure. 

The foregoing effects as well as other practical design problems were studied 
by including the following variables in the experimental program: (a) con- 
crete strength, (b) amount of prestressing or reinforcing steel, (c) amount of 
initial prestress, (d) size of steel collars, (e) thickness of slab, and (f) amount 
of collar recess. 

Fifteen slabs were tested to ultimate failure. All specimens were 6 ft 
square and had thicknesses of 6, 8, or 10 in. Slabs were supported along all 
four edges and centrally loaded. 


Fourteen slabs with lift-slab collars were tested. Of this group 12 were 
prestressed using unbonded cables and two were made of conventional rein- 
forced concrete. In addition one reinforced concrete slab with a concrete 
column stub and shear reinforcement was tested. 


EXPERIMENTAL PROGRAM 
Description of test slabs 
The test slabs were divided into six groups. A description of each specimen may be found 
in Table 1 and in Fig. 1, 2,3, and 4. All slabs were 6 ft square. Outer dimensions of the square 
steel collars used were either 13 or 16 in. Concrete strengths varied from 2800 to 5200 psi. 
Average initial prestress for the slab concrete covered a range between 250 and 500 psi. Slab 
thicknesses were 6, 8, or 10 in. with collar recesses of 0, 1, 2, or 4 in. 

Group I—The two slabs of this group, 8-1 and 8-2, were identical reinforced concrete 
slabs except for concrete strength. They were 6 in. thick with 13-in. steel collars. Fig. 1 
shows a sketch of these slabs indicating the reinforcement used. Reinforcement was 
selected so as to give equal moment resistance in both directions. Bars were cut off at 
the edge of the column opening. 3 

Group II—This group consisted of five prestressed concrete slabs, S-4 through S-8, 
which were all 6 in. thick with 13-in. collars. The variables consisted of concrete strength, 
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Fig. 2—Layout of prestressed concrete 
lift slabs (S-4, S-6, and S-8 through S-15) 
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amount of prestress, and arrangement of prestressing cables. 
except that of S-4 which was recessed 1 in. 
arrangements. 

Group I1I—This group, consisting of 8-9 and S-10, was similar to Group II with the 
exception that the collar size was 16 in. instead of 13 in. Arrangement of prestressing 
cables was similar to 8-4, 8-6, and 8-8 and is shown in Fig. 2. 

Group 1V—Slabs 8-11, S-12, and S-13 were all 10 in. thick and had 13-in. collars with 
recesses of 0, 2, and 4 in., respectively. Arrangement of prestressing cables was similar 
to Group III and is shown in Fig. 2. 

Group V—Slabs 8-14 and S-15 were 8 in. thick and had 13-in. collars with recesses 
of 0 and 2 in. respectively. Arrangement of prestressing cables was similar to Group III 
and is shown in Fig. 2 


The collars were all flush 
Fig. 2 and 3 indicate the prestressing cable 


Group VI—This group consisted of a single special slab, 8-16, which was a full scale 
model simulating a reinforced concrete slab and column from a building designed by the 
Division of Architecture, State of California. Details of this slab are shown in Fig. 4. 


The slab was 8 in. thick. A “zig-zag’’ shear head constructed of #3 bars was placed 
concentrically around the column stub. 


Materials 


Forms were stripped 3 to 7 days after casting. The specimens were cured moist for 7 days 
using damp burlap and left air dry until testing at an age of 13 or 14 days. Prestressing was 
done the day prior to testing. 

Santa Cruz Type I portland cement was used throughout the tests. 
chased in one lot of 200 sacks and stored in steel drums until used. The fine aggregate used 
was Elliot 8.E. 80 sand. The average fineness modulus was 3.20. The coarse aggregate was 
Elliot 144 in. to 34 in. gravel having an average fineness modulus of 6.59. Absorption for both 


The cement was pur- 
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the fine and coarse aggregates was about 1.5 
percent by weight. The specific gravities 





J 





rz ™ were 2.66 for sand and 2.69 for gravel. 


Concrete mixtures were designed for 14-day 
strengths of 3000 and 4500 psi. Two different 
mixtures were used for the 4500-psi concrete. 
Water-cement ratios were 0.49 and 0.44 for 
the 4500-psi concrete mixtures and 0.67 for 








the 3000-psi concrete. Mix proportions are 








given in Table 2. 














Control specimens consisted of four 6 x 12- 
in. cylinders and three 6 x 6 x 20-in. beams 
for each slab. They were cured in the same 
manner as the slabs. Cylinders and beams 
were tested on the same day as the cor- 








responding test slab. Average values of com- 





pressive strength and modulus of elasticity 
obtained from the cylinders and modulus of 





rupture obtained from the control beams are 
presented in Table 3. 





The prestressing cables each contained six 
TMM 14-in. diameter cold drawn high tensile steel 


ee \ 


ZY 


wires. The wires were coated with a special 
asphaltic compound and wrapped with sisal- 
kraft paper to prevent bonding to the concrete. 
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Seven samples of the prestressing wire were 
VL Mhkihuutidutde 





tested in tension on a 10-in. gage length. 





Average values determined from these tests 
were as follows: proportional limit, f,; = 146 





ksi; yield point, f, = 217 ksi (as measured 
by the 0.2 percent offset method); ultimate 
strength, f, = 247 ksi; modulus of elasticity, 








12 “ 
SECTION A-A 


Fig. 6—Loading column E, = 26,300 ksi; and percent elongation in 
10-in. gage length = 4.4 percent. 


Reinforcing bars conformed to ASTM A 305 and were of intermediate grade. Eight samples 
were tested in tension on an 8-in. gage length and the following average values were deter- 
mined: f, = 50 ksi; f, = 80 ksi; E, = 28,500 ksi; percent elongation in 8 in. = 24.2 percent. 


Collars, loading column, and support frame 


The lift-slab collars used in the tests had outer dimensions of either 13 in. square or 16 in. 
square with a column opening of 8 in. square. Details of both types of collars are shown in 
Fig. 5. The collars were salvaged after each test and reused several times. 


To simulate the column used in lift-slab construction, a 74% in. square column was fabri- 
cated from two 8x8-in. angles welded together to form a box section. Lug plates % in. thick 
were welded fo each side of the column to transfer the load from the column to the slab. To 
provide nearly uniform bearing on each side of the column, shims were placed between the 
column lug plates and the slab collar. A spherical bearing block was placed between the 
column and the head of the testing machine. The loading column is shown in Fig. 6. 
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To approximate the conditions existing in continuous structures a simple support at the 
perimeter of the test slabs was selected. The position of this support approximates the line 
of zero moment around an interior column in a typical lift-slab structure. To provide this 
support a steel frame was constructed of 8 in. wide flange beams. The open frame was de- 
signed to provide a view of the bottom of the slab during testing. Wheels permitted the frame, 
with mounted slab, to be rolled into position under the testing machine after which the wheels 
could be removed. A 1 x 2-in. strip of oak wood was bolted to the top of the frame to allow 
some flexibility for the support. Hydrostone, a capping compound, was placed between the 
slab and support to ensure uniform bearing at the start of each test. No effort was made to 
hold down the slabs which, when loaded, tended to deflect upward at the corners. 


Loading and instrumentation 


Cable prestress was applied by means of a 30-ton capacity hydraulic jack which had been 
calibrated. Prestressing was always done | day prior to testing. The cables were overstressed 
10 percent for a 2 to 3 min period, then released to a 5 percent overstress which was assumed 
to be the anchorage takeup loss. Creep and shrinkage for a 1-day period was considered 
negligible. 

Load was applied with a 4,000,000-lb universal testing machine. The least reading of the 
machine in the range used was 500 Ib. The capacity of the machine was much greater than 
needed, but it was necessary to use this machine because of the required clearance between 
screws necessary for the test assembly. 

The slabs were loaded in 8 to 25 increments of load up to failure. Strains and deflections 
were measured after each loading increment. 

Strains in the concrete were measured by 12 SR-4, type A-1 strain gages for each slab. Gage 
locations are shown in Fig. 7. Additional SR-4, type A-5 gages were placed on the reinforcing 
bars of slabs 8-1 and S-2. The strain data proved to give useful information in only a few 
cases and are therefore not reported in this paper. 
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Fig.7—Location of SR-4 gages ; 
and deflection gages re. oe te °F 


SR-4 gages No. 7-12 are located on 
the bottom of the slab directly un- — SR-4 Type A-! Gages 
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Deflections were measured along two lines with fourteen 0.001-in. dial gages attached to a 


bridge to give the slab profile after each loading increment. The 0.001-in. dial gages also 


measured the deflections of the column and two slab corners. Fig. 7 shows the locations of the 


dial gages. The corners were free to lift during all tests. 


The photographs of Fig. 8 show the test assembly and the instrumentation. 


Fig. 8—(top) Test assembly; (bottom) Instrumentation 
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NOTATION 


The letter symbols used in this paper are generally defined when they are introduced. The 
most frequently used symbols are listed below for convenient reference: 


= width of slab P = load 
= perimeter of vertical shear area at P,,,., 

critical section P. 
flex 


calculated ultimate shearing load 


: : = calculated ultimate flexural load 
average effective depth of tensile re- P, 


inforcement, distance from compres- 
sion surface of a slab to the plane 
common to each layer of tensile rein- 
forcement 
secant modulus of elasticity at 1000 Phy 
psi obtained from 6 x 12-in. concrete f! 
cylinders 

= modulus of elasticity of steel . = side dimension of square loaded area 


measured ultimate load 
= average percentage of tensile rein- 
forcement 


tensile reinforcement index 


= compressive strength of 6x 12-in s = cable spacing in in. 
concrete cylinders total thickness of slab 
effective unit stress in psi in pre- r shearing force 
stressing stecl prior to loading shearing force corresponding to v, 
ffective tote orce i i - : ; . 
eff tive total f 7: = Ib ee = shearing force corresponding tu ve 
stressing steel prior to loading of slab : ; 
; ‘hal ; ‘ = shearing force corresponding to v; 
proportional limit of prestressing : 
= shearing stress 
steel : 5 
= shearing stress computed at a dis- 
tance d from the edge of the loaded 
area 


= modulus of rupture of concrete 

= ultimate strength of prestressing or 
reinforcing steel 
yield point of prestressing or rein- ’» = shearing stress computed at the edge 
forcing steel of the loaded area 
ratio of internal moment arm to shearing stress computed at a dis- 
effective depth, assumed equal to % tance d/2 from the edge of the loaded 
ultimate resisting moment per unit area 
width \ ratio Of Pereor/ Pres 


ANALYTICAL STUDIES 


At present there is no design specification available for computing the 
allowable shear load on a prestressed concrete flat slab. For reinforced con- 
crete flat slabs, however, the 1956 ACI Building Code! prescribes that the 
shearing unit stress existing in a flat slab be computed by the formula: 


V 


age Pe 
bjd 


(1) 

in which V is the total shear acting on vertical sections which follow a pe- 
riphery, b, at a distance, d, beyond the edges of the column or column capital 
and parallel or concentric with it; d is specified as the effective depth of the 
tensile reinforcement and j is normally taken as 4%. The ACI Code further 
stipulates that the stress as computed by Eq. (1) shall not exceed an allowable 
shearing stress which is given as a function of the cylinder stress, f.’, and the 
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amount of bending reinforcement passing over the column or column capital 
In applying Eq. (1) to lift slabs, designers normally take the outer edge of the 
steel collar as synonymous with the edge of the column or column capital in the 
ACI definition. 

Studies made by Elstner and Hognestad** indicated that the above pro- 
cedure yielded a highly variable factor of safety between allowable and ultimate 
strengths when applied to slab tests conducted by them and to footing tests 


TABLE 4—CALCULATED VALUES FOR ULTIMATE FLEXURAL STRENGTH 
See Eq. (4), (5), (6), (7) 


Slab fe, Su.* Se’, P, tT mu, P fiez, 

Group No. ksi ksi psi percent kip-in. perin. kips 
I s- 48.0 2813 2. 2 a 5.2 136.3 
3 48 4059 2.5 . 295 2 8 149.2 


II 165.0 , 3956 . 45: 0.25 3.6: a 83. 
: 91.8 : 2935 . 54 . 36 3. a 63. 

91.8 : 4700 45: 3.63 : 4. 

125.0 207. 2890 . 565 . 402 .f é 142. 

183.6 230. 4348 45: - 3.65 ‘ 98. 


Nacon 


91.8 : 4376 45: of 3. 6: . 90. 
183 .6 , 4668 45: 22 3.6: f 106. 


oO 


183.6 5125 21% Of 6 of 4 227. 
183.6 230. 4919 21; é 6 27. 202. 
183 .6 4 5228 211i .095 - 6 27 180. 


ou@ 


183.6 
183 .6 


4800 . 29% -141 5.6: 6 164. 
5121 . 29% .132 5.6: ; 140.2 


SN) 


4 
4 
VI 8-16 48.0 3329 .f -219 6.50 . 250.0 


*f, = 157 + 0.40/. for prestressed slabs. 
+Effective depth for flexure. To obtain effective depth for shear at collar subtract collar recess from these values. 


TABLE 5—TEST RESULTS 


Prest 
Ultimate shearing stress v = = 
‘ Y% bd 
v;—at a distance d from the edge of the collar 
v2—at zero distance from the edge of the collar 


_¥s—at a distance d/2 from the edge of the collar 


3 
> 


Prest, (at collar), r, v1 v2, v3, , v1 v2/fe’ 

Group Yo. kips . . psi psi i 
I ; 105.0 2 5 328 54: 407 < 0. .194 
3-3 109.0 4.2: q 341 56: 423 O84 .139 


= © 
Co °° 


. 169 
.150 
.101 
-211 
.139 


II . .0 2.6% é 476 566 558 
$f 30.0 3. ‘ 300 357 

f 3.65 ‘ 304 t 372 

366 j 455 

386 50% 472 


ooo 


eo Sco co of 


118 
125 
127 
136 
126 
138 
142 


421 
474 
408 
466 
516 


457 
569 


VI 250. 6. 27 343 33:3 0.082 


.073 
.081 


.073 
091 


So ome oo 
© 2s SSS SS SSSSS SS 


© 22 S99 SS 


141 103 





*250.0 kips was total test load. In computing ultimate shearing stresses in concrete use 191.6 kips which is based 
on yielding shear reinforcement taking 58.4 kips. 
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reported by Richart.* Recently Whitney® has made an extensive study of the 
same test data. These studies resulted in proposed new methods for determin- 
ing the allowable and ultimate shearing strength of reinforced concrete slabs. 

The ultimate shearing strength of a reinforced or a prestressed concrete 
slab is primarily a function of the net area available to resist shear at the 
critical section and the ultimate shearing stress available at that section. 
Several complications arise, however, in trying to predict the magnitude of 
these quantities. 

(a) Where should the critical section be taken? (b) What proportion of the 
total uncracked depth should be used in computing the net area available to resist 
shear? (c) What are the variables affecting the ultimate shearing stress and how 
can the stress distributions be predicted in a particular case? 

The location of the critical section recommended by the ACI Code is at 4 
distance d from the edge of the loaded area; Elstner and Hognestad recommend 
that it be taken at the edge of the loaded area; Whitney proposes that it be 
taken at a distance d/2 from the edge of the loaded area. The actual distance 
to be taken cannot yet be determined analytically and must be determined 
empirically by correlation with test results. 

The proportion of the total uncracked depth to be used in computing the 
net area available to resist shear is also a difficult quantity to ascertain since 
it is dependent on the amount and location of flexural cracking that has taken 
place just prior to ultimate failure. Certainly for slabs with high shear-mo- 
ment ratios the amount of flexural cracking will be smaller than for slabs with 
low shear-moment ratios. From a practical standpoint a fixed depth equal to 
the effective depth at the critical section might be used in computing a nominal 
stress and the ultimate shearing stress could then be determined empirically 
by including the shear-moment ratio as a variable. 


Analytical study of test slabs 

From the preceding discussion it is evident that at the present time a method 
for predicting the ultimate shearing strength of reinforced and prestressed 
concrete can only be developed by applying empirical approaches to the results 
obtained from tests. 

For comparative purposes the ultimate shearing stress for the test slabs 
was calculated at a distance d from the edge of the collar, v,; at the edge of 
the collar, v2; and at a distance d/2 from the edge of the collar, v;. These 
values are shown in Table 5 under test results. In all cases v was taken as 
equal to Pres:/% bd. A study of these results indicates that v or v/f.’ cannot 
be considered a constant at any of the three sections. 

The empirical approaches that were applied to the test data are discussed 
below. 


1956 ACI Code method 


The allowable shearing stress for flat slabs as specified by the 1956 ACI 
Code is 0.025 f.', but is not to be greater than 85 psi. Values of allowable 
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shearing stress 21, Patio = 4% v1 bd, and Pressi/Patio are given in Table 6. 
The ratio Prest/ Patio represents the factor of safety for the slabs tested. 

As might be expected the application of this method to prestressed as well 
as reinforced concrete slabs yields a wide range of factors of safety, varying 
from about 3.3 to 5.6. Even for slabs S-1 and S-2, which were identical rein- 
forced concrete slabs except for concrete strength, the factors of safety were 
1.64 and 4.00 respectively. 


Elstner-Hognestad method 


In 1953 Hognestad,* recognizing that the ultimate shearing stress in foot- 
ings and slabs was related to the flexural capacity of the specimen, reported 
on a re-evaluation and re-analysis of Richart’s‘* footing tests. Based on this 
study Hognestad found the ultimate shearing strength of a variety of slabs 
could be expressed by the empirical equation: 


V 0.07 
KK bd b. 


or rewriting: 


Ve 1.035 130 0.07 
fr = 0.035 + i +- 


c 


(2a) 


in which ve represents the ultimate shearing stress computed at the perimeter 
of the loaded area, V is the total shearing force, b is the perimeter of the loaded 
area, and f,’ is the ultimate compressive strength of the concrete; ¢, is defined 
as the ratio of Psrear to Pyiez Where Ps.2 is the ultimate flexural capacity the 
slab would have if it had not failed in shear. 


In 1956 Elstner and Hognestad? reported on a continuation of the above 
study in which they gave the results of new tests performed on thirty-nine 6 ft 
square reinforced concrete slabs. These slabs were in general supported only 
at the edges and centrally loaded through a reinforced concrete column stub. 
To give better correlation for higher concrete strengths, Elstner and Hogne- 
stad revised Eq. (2a) for slabs without shear reinforcement to give: 


Ve Pisce 333 =: 00.046 


an a ar _ 
Additional equations were presented for slabs with shear reinforcement. In 
computing the ultimate flexural strength of slabs, the yield line theory® was 
used. Application of Eq. (3) to Richart’s column footing tests and the slab 
tests of Elstner and Hognestad gave values of Pres:/P-aie ranging from 0.84 to 
1.17 with average values near 1.0. 


The application of Eq. (3) to the reinforced and prestressed concrete lift 
slabs tested in the present investigation gave good correlation with test results. 
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The results are shown in Table 6 which indicates a range of values of P ies; 
P rear from 0.88 to 1.20 with an average value of 1.06 and a standard deviation 
of 0.096 for the 15 slabs. Pear represents the theoretical value obtained for the 
test specimen. 

In using Eq. (3) the computation of Ps:.2, the ultimate flexural capacity of 
the slab, presents some difficulties when applied to slabs with lift-slab collars 
and also when considering prestressed concrete slabs with unbound cables. 

In the application of the yield line theory for the ultimate flexural strength 
of the test slabs the question arises of how much, if any, moment can be de- 
veloped at the perimeter of the collar. In addition what is the effect on the 
magnitude of this perimeter moment due to recessing of the collar? Observa- 
tion during the tests and a study of the test results seem to indicate that for 
flush collars the full moment can develop at the perimeter of the collar and for 
slabs with collars recessed an amount equal to about 0.5d, where d is the 
effective depth for the slab with unrecessed collar, this perimeter moment 
diminishes to nearly zero. A study of collar strains measured by SR-4 gages 
attached to a collar flush with the concrete indicates that the collar transfers 
a large compressive force across the column opening. (Visual inspection of 
salvaged collars showed cracks in the weld at the joint of the vertical angle 
legs. These joints were rewelded with a heavier weld.) With large collar 
recesses the compression force transmitted was small. From these observa- 
tions it was concluded that collars flush with the concrete developed the full 
moment capacity of the section at the perimeter cf the collar and for collars 
recessed 0.5 d or greater no moment could be developed at the perimeter of 
the collar. 

For the case of a simply supported square slab loaded through a square 
column with the corners free to lift, the ultimate flexural strength given by 
the yield line theory is: 


Prez = 8m,| | —— \ - (3 —2 V 2) 


where m, is the ultimate moment capacity per unit width of the slab and r/a 
is the ratio of the side dimension of the loaded area to the slab width. For 
lift slabs, r becomes the collar width, 13 or 16 in. in this investigation. Eq. (5) 
assumes that the moment, m,, is developed along the diagonals and at the 
perimeter of the loaded area. 


If no moment is developed at the perimeter of the loaded area, the ultimate 
flexural strength for a square slab with the corners free to lift becomes: 


Prez = 16 m, (W 2 — 1) = 6.627 my... (5) 


To give approximate values of P;;,. for recesses of less than 0.5 d a straight 
line interpolation between the values given by Eq. (4) and (5) can be assumed, 
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e.g., for a recess of 0.25 d, Ps:.2 would be 6.627 m, plus one-half of the dif- 
ference between Eq. (5) and (4) for the particular slab dimensions. 

When applying the yield line theory to prestressed concrete slabs it must 
first be assumed that the prestressing steel has sufficient ductility for the full 
vield line pattern to form and second, when unbonded cables are used, a 
method for estimating the steel stress for the needed computation of m,, the 
ultimate or yield moment, must be devised. The vield line theory can only 
be considered an approximate method when applied to the computation of the 
ultimate flexural strength of an unbonded prestressed concrete slab. 

The value of the stress in the prestressing steel developed at ultimate 
moment was designated f,. The values of P;;,, calculated for the slabs tested, 
by using various expressions for the value of f, which have been proposed for 
beams, were greatly below the test loads. This indicated that these expressions 
for beams, probably developed for much longer cables, were not applicable 
to the short cables used in the test slabs. A study of the test results, along 
with approximate computations for the cable elongation due to fiber strain, 
cracking, and deflection of the slab, showed that f, for the test slabs could be 
approximated by the expression: 


f, = 157,000 + 0.4f, (6) 


where f, is the effective prestressing steel stress in psi prior to loading. It 
must be noted that Eq. (6) is purely empirical and is applicable only to the 
short cables in this test series. For longer cables as would be found in pre- 
stressed slab construction other relationships should be used which would 
depend on the situation considered. Once f, has been established the yield 
moment per unit width may be computed by means of the following formula: 


my, = f' d*q (1 — 0.59q) 


in which g = pf,/f.’ and average values for p and d are used for the two layers 
of steel. 


Using the method described above, values of P,;,. for the tests slabs were 
calculated and these are tabulated in Table 4. Having obtained P;;,., values 
for Psrcar Were calculated by Eq. (3). Results are given in Table 6. It should 
be pointed out in using Eq. (3) that the value of P...., obtained is relatively 
insensitive to changes in P,;;,.. A change in the value of Pys;,. used of 10 or 
15 percent will only change the value of Pyar by 2 or 3 percent. 

To show the effect of concrete strength, f.’, and ultimate shear-flexure ratio, 
¢o, the values given in Table 6 were adjusted first to a common value of f.’ = 
3500 psi and then to a common value of ¢, = 1.0 using the equations 

Vs 333 333 


P 
— (corrected to f.’ = 3500) = —— — — 
f jiu fi ° tn 


Ve 0.046 0.046 


» 
i (corrected to ¢ = 1.0) = —— — —— 


e c obs Po 1 0 
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RELATIVE SHEARING STRENGTH , @¢, 


Fig. 9—Influence of shear-flexural strength ratio using Eq. (3) 


These results are shown graphically in Fig. 9 and 10 which indicate a de- 
; 


crease in ultimate shearing strength, v:/f.’ with increasing values of @, or f.’. 

The results obtained for the slabs tested by Elstner and Hognestad are also 
indicated on these figures for purpose of comparison. It can be noted that 
there is considerable scatter of the test data for these reinforced slabs as well 
as for the prestressed slabs. 


Whitney method 


In 1957 Whitney® proposed that the ultimate shearing strength of rein- 
forced concrete flat slabs should be computed by the equation: 


_. m 
v, = 100 + 0.75 
d? 


in which v, is the ultimate shearing stress at a distance d/2 from the face of 
the column, /, is the distance from the face of the column to the load position, 
and m, is the ultimate resisting moment per in. width of slab within the base 
of the pyramid of rupture. The m, may be computed by Eq. (7) for under- 
reinforced slabs and by Eq. (9) when over-reinforced. 





PRESTRESSED LIFT SLABS 


TEST VALUES 
REINFORCED LIFT SLABS 
SPECIAL REINFORCED SLABS 
Low PRESTRESS , LIFT SLABS 
HIGH PRESTRESS, LIFT SLABS 
ELSTNER- HOGNESTAD s.ass 


t CORRECTED 
é 








4000 
CYLINDER STRENGTH f:, psi 


Fig. 10—influence of cylinder strength using Eq. (3) 


Having obtained the ultimate shearing stress from Eq. (8), the ultimate 
shearing strength of a flat slab, as governed by shear, is calculated by: 


Pireor = Vy bd = 40, d (7 + d) (10) 


Whitney’s proposed method was based on his analysis of the test data of 
Richart,‘ Elstner,? and Hognestad.?:* 

The method described above was applied to the test data obtained in this 
investigation to ascertain if it would give satisfactory results when applied to 
prestressed as well as reinforced slabs. The results are shown in Table 6 
which indicates a range of values for the slabs (excluding S-13 which had a 
4-in. recess) from 0.92 to 1.32 for Pus:/Psrcar With an average value of 1.10 
and a standard deviation of 0.123 for 14 slabs. 


For slabs with recessed collars m, was computed using the full effective 


depth neglecting the recess, while the d used in computing (m,,/d?)Vd l, was 
taken as the effective depth at the collar. This procedure gave the best 
correlation for the test data. 


The results obtained using Whitney’s method are shown graphically in 
Fig. 11. The results of the Elstner-Hognestad test slabs are also shown. It 
can be seen that the results for the prestressed slabs generally fall within the 
limits of the data obtained for reinforced slabs. Modified forms of Eq. (8) 
could be proposed which would fit this test data equally well, but at best any 
of these can only be considered as estimates of the shear strength which may be 
useful for design purposes. 
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Other empirical approaches 

Various other approaches were made in an attempt to obtain an analytical 
expression which would give better correlation with the test results. None 
of these improved on the correlation obtained using the methods already 
described. 

One of the expressions developed which fit the test data quite well was an 
empirical equation for prestressed slabs which does not necessitate the com- 
putation of Pyi.. or m,. This expression is as follows: 


P cor 


bdf. 


F, 
= 0.175 — 0.0000242 f.’ + 0.000020 (11) 
8 


in which F, is the effective prestress force per cable in lb and s is the cable 
spacing in in. Eq. (11) is based on a small number of tests and can only be 
considered to be applicable in cases similar to the test slabs. However, it is 
felt that with additional tests an expression similar to Eq. (11) could be 
developed which might prove to be the simplest for prestressed concrete 
design. 

A comparison of the results obtained using Eq. (11) with the test data is 
given in Table 6. Values of Pies:/Pereor range from 0.89 to 1.12 with an average 
value of 1.02 and a standard deviation of 0.075 for the 12 prestressed slabs. 
These results are indicated graphically in Fig. 12. 


EXPERIMENTAL RESULTS 

General behavior 

All slabs were loaded to ultimate failure, which in all cases occurred by a 
final punching of the steel collar through the concrete. The manner of failure 
was sudden and violent in some cases and often accompanied by the dropping 
out from the bottom of the slab of a large amount of concrete. 

In the case of the prestressed concrete slabs, the sequence of events during 
the test was generally as follows: 


a. The first visible flexural cracks appeared at 40 to 60 percent of the ultimate load for 
the slabs with flush collars and at succeedingly higher percentages as the amount of 
collar recess was increased. 

. The corners of the slab lifted and this was generally followed by the appearance of 
vertical cracks at the edges of the slab a short distance in from the corners. 

:. The flexural cracks on the bottom of the slab spread into a crack pattern and in most 
cases reached the corners of the slab; the amount of flexural cracking visible just 
prior to failure varied considerably. 

. The collar punched through with concrete dropping from the bottom of slab. 

». The failure cone was very flat and extended in some cases beyond the edge of the slab. 

. Upon release of the load the tension in the prestressing cables tended to put the 
bottom of the slab back into compression and in cases where a large amount of con- 
crete had fallen from the bottom, leaving no compression area available, the slab 
buckled upwards. 


The behavior of the three reinforced concrete slabs tested differed from the 
prestressed concrete slabs in that the first visible flexural cracks occurred 
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Fig. 11—Test values compared with Eq. (8) 
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CENTER DEFLECTION 


Fig. 13—Load-deflection curves for slab groups | and Il 


earlier, at about 15 to 25 percent of the ultimate load, and there was no tend- 
ency for the slab to spring back up after the test load had been released. 

All failures were due to a combination of shear and flexure with one or the 
other dominating. By studying the load-deflection curves given in Fig. 13 
and 14 one can estimate the relative amount of flexural cracking that took 
place prior to the failure in each case. 

A detailed description of the behavior of each slab during testing may be 
found in Reference 7. 


DISCUSSION AND CONCLUSIONS 


A total of fifteen 6 ft square specimens were tested to study the ultimate 
shearing strength of prestressed and reinforced concrete lift slabs. Twelve 
of the slabs were prestressed with unbonded cables and three of the slabs were 
made of reinforced concrete. Major variables were concrete strength (2800 
to 5200 psi), average initial prestress (250 to 500 psi), collar size (13 to 16in.), 
slab thickness (6, 8, or 10 in.), and amount of collar recess (0, 1, 2, or 4 in.). 

Final failure of all slabs occurred when the steel collar punched through 
the slab. A variable amount of flexural cracking was visible just prior to 
failure and was generally smaller in the thicker slabs and the slabs with column 
recesses. 

On the basis of a study of the analytical and test results the following con- 
clusions are advanced. 

1. The ultimate punching shear stress as computed by v/f.’ = Pren/% bd f.’ 
varied between 0.101 and 0.211 at the edge of the collar; between 0.079 and 
0.157 at a distance d/2 from the edge of the collar; and between 0.058 and 
0.127 at a distance d from the edge of the collar. Therefore it cannot be con- 
sidered to be a constant at any one of these locations. 


mK Uhh CUM IOS 
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2. The use of 1956 ACI Code methods of calculating the allowable shear 
load when applied to prestressed and reinforced concrete lift slabs yields a 
wide range of factors of safety on the ultimate strength, from about 3.3 to 5.6. 
3. The test data of this investigation agree quite well with the results ob- 
tained using the ultimate shearing strength formulas proposed by Elstner 
and Hognestad [Eq. (3)] and by Whitney [Eq. (8)]. These formulas will yield 
sufficient accuracy for prestressed concrete slabs as well as reinforced concrete 
slabs provided a suitable method is used in calculating the ultimate flexural 
capacity. 
4. The ultimate shearing strength at the edge of the collar of a prestressed 
concrete lift slab similar to those included in this test program may also be 
predicted by the following empirical expression: 


Pisce y 


F 
= 0.175 — 0.0000242 f,’ + 0.000020 
8 


bd f./ 


This expression is based on a limited amount of test data and additional tests 
are required to determine its general applicability. 

5. A steel collar cast flush with the slab will develop the full ultimate re- 
sisting moment at the perimeter of the collar. The amount of this moment 
developed will decrease as the collar is recessed and will be essentially zero 
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Fig. 14—Load-deflection curves for slabs in groups Ill-VI 
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when the collar has been recessed 0.5d, where d is the effective depth for the 
slab with unrecessed collar. 

6. Adequate provisions should be made in design so that ultimate flexural 
capacity will govern failure rather than ultimate shear capacity since a shear 
failure may be sudden and without warning. 
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Part 4—The Air Void System in Job Concrete* 
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The air void system observed in concrete from engineering structures is comparable to that ob- 
served in concrete specimens prepared in the laboratory. The void system in non-air-entrained con- 
crete varies widely, the observed specific surface ranging from 107 to 1111 in.-' In air-entrained 
concrete, the observed specific surface ranges from 615 to 1600 in.-' and the spacing factor ranges 
from 0.0023 to 0.0081 in. The results of the examination indicate that a satisfactory air void system 
in job concrete is assured if the recommendations of ACI 613-54 are followed. 

Methods for microscopical measurement of the air void system in hardened concrete are described 
in an appendix to Part 4. 


This paper concludes a series of reports on studies conducted in the Engi- 
neering Laboratories of the Bureau of Reclamation to describe and explain 
the development of the air void system in concrete. The first three parts of 
this seriest} summarized the findings of laboratory tests and the conclusions 
developed from theoretical concepts. Part 4 presents data obtained by 
microscopical measurement of the parameters of the air void system in hard- 
ened concrete from structures and control cylinders from various projects. 
Included with Part 4 is an appendix describing microscopical methods for 
measuring the air void system in hardened concrete, with particular reference 
to the procedures employed in the study reported in this series of papers. 
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AIR VOID SYSTEM IN NON-AIR-ENTRAINED CONCRETE FROM STRUCTURES 


Sections of drilled core and irregular pieces of non-air-entrained concrete 
from 20 structures were available in the laboratories. Of the structures rep- 
resented 13 were dams, including several of major size, such as Hoover, 
Grand Coulee, Shasta, and Parker. Results of the microscopical analysis 
are presented in Table 1. 


TABLE 1—VOID SYSTEM IN NON-AIR-ENTRAINED CONCRETE FROM STRUCTURES 


Source Microscopically determined void parameters 


Average | Number of} " 
Part of structure Air chord Specific | voids in- | Spacing 
Structure represented content, | intercept, | surface, | tercepted | factor, L, 
percent | in. | |} perin. | in. 


La Prele Dam, Wyoming | Mass concrete 0.8 0049 j j | 012) 
Stewart Mountain Dam, 

Arizona Mass concrete 1 | 0315 : f 0514 
Shasta Dam, California Mass concrete 0.; | 0036 ; 0113 
Black Canyon Dam, Idaho| Mass concrete 0091 0.7 0200 
Grand Coulee Dam, 

Washington Mass concrete } 0127 31! j 0298 
Bonneville Dam, Oregon- 

Washington Mass concrete 2.6 0062 p45 0091 
American Falls Dam, | 

Idaho Mass concrete f 0041 976 3.6: 0087 
Wu Sheh Dam, Formosa 

(China) Mass concrete : 0263 5: If 0357 
Grassy Lake Dam, | 

Wyoming |Mass concrete : 0143 7 ¢ 0284 
Rosa Dam, Washington Mass concrete 0090 2 0195 
Parker Dam, California- 

Arizona Mass concrete : 0080 f | 0251 
Buck Dam, Virginia Mass concrete 2 0050 0210 
All American Canal, | 

California jCanal lining j 0073 5 : 0139 
Tornillo Canal, Texas }Canal lining 5.7 0100 5.6 0106 
Hoover Dam, Arizona- Spillway ( 0083 2 0193 

Nevada Underbed below terrazzo floor 

of monument 3 0162 2: 2.33 0229 
Flume and wasteway, 

Owyhee Project, Oregon) Lining 0087 j 0211 
Building, Ent Air Force 

Base, Colorado Springs, | 

Colo. Roof cornice 3.% 0090 : 0137 
Street pavement, Kimball, 

Neb. Pavement é 0217 : 0299 
Parking apron, Casper, |Pavement A 2.2 0375 0614 

Wyo. B 0267 5 S32 0468 
Residence, Wheatridge, | 

Colo. |Patio slab K 0341 ! 0469 


Average - 0137 ( 0247 


The parameters are highly variable from structure to structure. The range 
of the several parameters is as follows: 


Parameter Range 


Minimum Maximum Average 
Air content, percent by volume 0.2 5.7 1.9 
Specific surface a, in. 107 1111 443 
Spacing factor L, in. 0.0087 0.0614 0.025 


The air content of non-air-entrained mass concrete in the dams in the United 
States for which data are available is indicated to range from 0.2 to 2.9 per- 
cent, the usual range being 0.3 to 1.5 percent. For other types of non-air- 
entrained concrete, the air content ranges from 1.0 to 5.7 percent. 
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TABLE 2—VOID SYSTEM IN AIR-ENTRAINED CONCRETE FROM STRUCTURES 


Source Microscopically determined void parameters 


Average | Number of} . 
Part of structure Air chord Specific | voids in- Spacing 
Structure represented content, | intercept, | surface, | tercepted | factor, L, 
percent in. . Rw UF . we in. 


6 | 0.0044 909 | 0052 
6 0.0047 | 851 ¢ 0032 
3 | 0.0046 | 870 | 0054 
5 0.0053 755 5.6 0056 
0.0049 816 | 5.92 0057 
0.0057 | 702 | : 0045 


Exterior 
Interior 
_| Exterior 
Interior 
Exterior 
Interior 


Mass concrete 
fungry Horse Dam, M . 


Montana Mass concrete 


Canyon Ferry Dam, 

Montana 

davis Dam, Nevada- 

Arizona Mass concrete 
(ngostura Dam, South 

Dakota |Mass concrete é 0036 1111 3: 0039 
Friant-Kern Canal, | 

California |Canal lining 0065 615 , 0081 
Poudre Supply Canal, 

Colorado Canal lining j 0036 lill 2s 0023 
Tecolote Tunnel, | 

California Tunnel lining f 0037 1081 3.2: 0043 
Carlsbad Caverns Project, 

New Mexico Highway curb and gutter* ¢ 0044 909 0050 
South St. Vrain Project, 

Colorado Highway bridge footing* 5.3 0025 1600 ; 2 0028 
Big Bend National Park | 

Project, Texas Highway culvert* 0032 | 1250 0056 
Hugo Wild Horse Project, 

Colorado Highway pavementt : 0043 930 | ¢ 0053 
Evans-LaSalle Project, | 

Colorado Highway pavementt 0044 909 0052 
Denver-Broomfield Proj- | 

ect, Colorado Highway pavementt 5 0033 1212 3.6 0041 
Paonia North Project, | | 

Colorado Highway pavementt : 0031 1296 3.8 0038 
Limon~-Genoa Project, | 

Colorado Highway pavementt 3.4 0035 1143 0045 
Breed Underpass, Breed 

Colorado Highway underpasst 0036 1111 5.6 0058 
Building, Buffalo, N. Y. Structural member f 0059 678 9 0065 


O° 


Railroad bridget Prestressed deck slab 3. 0055 727 6. 2% 0075 


Mass concrete 


a bo OO OO 


0036 | iIi1i1i1 j 0042 


Average 4 0043 986 10.7: | 0049 


*Control cylinders compacted by hand rodding, supplied by the Bureau of Public Roads, U. 8S. Department of 
Commerce, 

tControl cylinders compacted by hand rodding, supplied by the Colorado Department of Highways. 

tSlab cast and prestressed at a plant in Denver, Colo. 


The range established for the specific surface came as somewhat of a sur- 
prise. For several structures, a* is in the range above 800 in.-! Nevertheless, 
in all instances, ZL is greater than is desirable for satisfactory resistance to 
freezing and thawing. 


AIR VOID SYSTEM IN AIR-ENTRAINED CONCRETE FROM STRUCTURES 


Sections of drilled core and miscellaneous pieces of air-entrained concrete 
were available from ten structures, and control cylinders from several high- 
way projects were kindly supplied by the Bureau of Public Roads and the 
Colorado Department of Highways. Results of the microscopical analysis 
are summarized in Table 2. 


For mass concrete from several major dams, the air content ranges from 
2.9 to 5.6 percent; a ranges from 702 to 1111 in.~'; and L ranges from 0.0032 
to 0.0057 in. For the other types of concrete represented by the samples, 


*As in previous parts of the series, A = volume of voids, expressed as a fraction of the volume of the concrete; 
a = specific surface of voids; and L = computed spacing factor. 
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the air content ranged from 2.1 to 10.6 percent; a ranged from 615 to 1600 
in.~'; and L ranged from 0.0023 to 0.0081 in. 


The investigation demonstrates that the parameters of the air void system 
in air-entrained concrete in structures fall within the range characteristic 
of laboratory prepared air-entrained concrete. 
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Fig. 1—Probable void system in air-entrained concrete conforming with ACI 613-54 


To determine the spacing factor for a void system in a concrete from microscopically determined param- 
eters, select the calculated or estimated paste content on the ordinate of the lower diagram and follow 
horizontally to the proper air content or paste-air ratio of the concrete. Now move vertically to the upper 


diagram, which correlates the specific surface of the voids a and the spacing factor L. If ahas been measured 
or is estimated, the value of L is indicated at the ordinate. Conversely, a is indicated on the curves at any 
selected values of L and paste-air ratio. 
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It is instructive to examine “Recommended Practice for Selecting Propor- 
tions for Concrete (ACI 613-54)’’?* in the light of these data. In Fig. 1, the 
ecommended average total air content for air-entrained concrete is superim- 
posed upon a graphical solution of Powers’ spacing factor formulae.' As 
may be seen in the lower diagram, this range of air content yields values of 
paste-air ratio from about 3.75 to about 6.00 for concrete containing aggre- 
gate whose maximum size is 4% in. to 6 in. Correlating this range with the 
empirically established, usual range of a, the usual range of spacing factor L 
is indicated in the upper diagram to be 0.004 to 0.008 in., a value consistent 
with that found by microscopical analysis of the specimens of job concrete 
for which air entrainment was specified. 

In other words, the requirements of ACI 613-54 are such that they usually 
assure development of a void system adequate to protect the cement paste 
against failure in natural freezing and thawing. 


Air content of the finished concrete in excess of that recommended will 
assure lower (and hence more desirable) values of L, but possibly with un- 
necessary loss of strength of the concrete. In other words, referring to the 
upper part of Fig. 1, a locus representing a series of similar concretes containing 
progressively greater proportions of an air-entraining admixture would ex- 
tend to the left and steeply downward from the starting point. 


Air content in the finished concrete less than that recommended may or 
may not correlate with higher values of L. If the low air content arises be- 


cause of use of an inadequate proportion of air-entraining admixture or if 
the air-entraining admixture is inferior, L will be excessive. However, if a 
satisfactory air-entraining agent is used but the air content is reduced in- 
ordinately by the process of compaction, L will be adequate because the low 
value of A will be compensated by the high value of a. A data point repre- 
senting this concrete would move to the right and only slightly downward as 
vibration or tamping is increased in intensity and duration. 


CONCLUSIONS 


1. The parameters of the air void system in air-entrained concrete in 
structures fall within the range characteristic of laboratory prepared air- 
entrained concrete. 

2. A satisfactory entrained air void system in job concrete is assured if 
“Recommended Practice for Selecting Proportions for Concrete (ACI 613- 
54)” is followed, provided the air-entraining admixture meets the require- 
ments of ASTM C 260, “Specifications for Air-Entraining Admixtures for 
Concrete.”t Under these conditions, the specific surface of the air void 
system may be expected to range from 600 to 1100 in.-! and the computed 
spacing factor from about 0.004 to 0.008 in. 


*References are numbered consecutively beginning with Part 1 of this four-part series. 
tASTM Book of Standards, Part 8, 1955, p. 1279. 
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3. Additional investigations of the void system in air-entrained concreté 
are needed to extend the data presented herein, especially to establish the 
variation in the parameters of the void system caused by normal variation 


of materials and conditions on the job, such as variation in proportions of 


aggregates, cement, water, and admixtures; source and grading of aggre- 
gates; source and shipment of cement, particularly air-entraining cements: 
ambient temperature; and workmanship, especially placing and finishing 
operations. 


APPENDIX—OPTICAL MEASUREMENT OF AIR VOIDS IN 
HARDENED CONCRETE 


By Richard C. Mielenz and V. E. Wolkodoff 


METHODS OF MEASUREMENT 


Optical measurement of the air void content and the dimensions and spacing of air voids in 
hardened concrete is accomplished by one of three general procedures, namely: (1) point 
count, (2) areal traverse, and (3) linear traverse. The data included in this series of reports 
on the void system in hardened concrete were obtained primarily by the linear traverse method. 
Several determinations were made by the areal traverse method. The point count method 
was not used in this study. 


Point count method 

The point count method was developed for mineralogic analysis of rock?*:?* but can be 
used to determine the air void content of concrete.*®-*!.*2. The method is as accurate as other 
microscopical methods of analysis, and the air content can be determined more rapidly than 
by the areal or linear traverse methods. The procedure involves examination of a finely 
ground surface or thin section under a microscope at regularly spaced points. For determi- 
nation of air void content of concrete, A = S,/Sr where A = volume of air expressed as a 
fraction of the volume of the concrete; S, = number of points falling within the section of an 
air void; and S7 = total number of points observed. 


One writer has used the point count method to considerable extent in evaluating the air 
void system of concrete. Both A and n (number of voids intercepted per inch of traverse) 
are determined experimentally. The device used is a specially constructed, manually-operated 
mechanical stage with total lateral movement of 5 in., a count being made at each rotation 
of the lead screw. A mechanical stop is engaged at completion of each turn. Points are spaced 
at 0.05 in. Lines of traverse usually are spaced 0.20 in. apart, although they can be set at any 
desired interval. For most concrete 1000 counts are sufficient to yield an indicated air content 
within 0.5 percentile of a value obtained at by counting 2000 points. Typical results are as 
follows: 


Indicated air content, percent by volume, for given number of counts 
Specimen ~- - - 
500 1000 1500 2000 | 2500 
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The prime factors controlling the validity of the result are the perfection of the finished 
urface on the concrete specimen and the area of the concrete over which the traverse is made. 
Che variations indicated in the above tabulation for each specimen are primarily the result of 
variation of the void system in the concrete. 


The point count method ordinarily does not yield data on the size or spacing of the voids, 
but by a simple supplement to the point count, the specific surface of the voids a and Powers’ 
spacing factor L' can be determined. If the number of voids intercepted by the line of traverse 
is recorded during the point count analysis, the number of voids per inch of traverse n can be 
computed. Since 


A 


where / is the average chord intercept of the 
be computed by Willis’ formula® 


Also, if the paste content of the concrete is known, the spacing factor L can be computed 
from Powers’ formulae.! The results so determined are the same as those established by the 
linear traverse method, within the limits of experimental error of the methods. Determination 
of n should be based upon a traverse of at least 100 in. for concrete containing 114-in. maximum 
size aggregate. A shorter traverse will suffice for a uniform concrete containing aggregate of 
smaller maximum size. 


Areal traverse method 


The areal traverse method involves the measurement of the area occupied by sections of 
air voids on plane surfaces of concrete. The method was employed first by Verbeck,** who 
measured the area of the void sections in camera lucida drawings of the finely ground sur- 
faces. Photographs also may be used for this purpose.** Lord and Willis'* and Warren* 
accomplished areal traverses by counting and measuring the diameter of void sections within 
a known area on a plane ground surface of concrete, either by direct observation or by measure- 
ment on a photograph. The areal traverses reported in Parts 2 and 3 of the series of papers 
were made by direct microscopical measurement of void sections on finely ground surfaces, 
at least 1500 voids being counted for each specimen. 


Mathematical treatment of the data resulting from this procedure is developed by Lord and 
Willis.** In this analysis, 


area occupied by void sections 


area of the surface traversed 





Linear traverse method 


The linear traverse method is based upon procedures described by Rosiwal in 1898. In the 
Rosiwal analysis, the length of traverse across all mineral grains of each species intercepted 
along a line or series of lines on a plane surface, such as a thin section, is measured and the 
proportion by volume of each mineral in the rock is calculated by dividing the total traverse 
distance across all the grains of the mineral by the length of the traverse as a whole. In a 
linear traverse analysis of hardened concrete to determine air content and the parameters of 
the void system, only the void sections are distinguished from the remainder of the concrete. 
For this analysis, A = ni, where n = number of voids traversed per unit of traverse and [ = 
average void intercept or chord length on the line of traverse. 
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Lord and Willis'* have demonstrated that the void size distribution can be obtained from a 
modification of the Rosiwal analysis. In this procedure, the chord lengths are tabulated in 
narrow intervals of size, and from these data the probable distribution of true diameters and 
an average void diameter are calculated. Moreover, Philleo** has proved mathematically 
that the diameter of a void having the mean surface area of the void system or the diameter 
of a void having the mean volume of the voids in the system can be calculated even if only the 
fraction of the chord intercepts falling in the smallest size group is known, in addition to the 
data obtained routinely from the linear traverse 

The linear traverse method developed for concrete by Brown and Pierson'* and treated 
mathematically by Powers,! Willis,* and Lord and Willis'* is the most generally applicable 
procedure for evaluating the air void system in concrete. The Bureau of Reclamation equip- 
ment is essentially a duplicate of the apparatus developed by the Missouri State Highway 
Department from information supplied by the Portland Cement Association (for an illustra- 
tion see Reference 37, Fig. A, page 124-2). The Missouri State Highway Department supplied 
working drawings; modifications were made in the drive mechanism and clutch design during 
development of our apparatus. 

The apparatus comprises a lathe driven by a 25-rpm reduction-gear motor. A special stage 
is mounted on the carriage block to hold a specimen of concrete for examination. The plane, 
finely ground surface of the concrete is viewed through a stationary stereoscopic microscope. 
One ocular is fitted with fine cross hairs so that the field of view is divided into four quadrants. 
Magnification is 30 to 54 diameters. Higher magnification can be obtained readily. For 
precise measurement of extremely minute voids, a petrographic microscope is used, measure- 
ments being made with a specially calibrated filar eyepiece. The carriage travels under the 
stereoscopic microscope when a clutch on the lead screw is engaged; translation of the car- 
riage is indicated by a revolution counter geared to the lead screw. The stage is moved in- 
dependently of the block by a manually operated gear train. A second counter operated by 
the gear train of the stage records the linear distance traveled by the stage with respect to 
the carriage block. The entire carriage block can be moved in a direction at right angles to 
the lathe bed by turning the cross-feed screw. 

The concrete specimen is examined methodically along parallel equidistant traverses. 
These traverses are usually 44 to % in. apart, but the spacing varies with the maximum size 
of the particles in the aggregate and surface area available for analysis. To begin the linear 
traverse, the clutch is engaged, and all aggregate and cement paste is traversed until the 
periphery of a void becomes aligned with the intersection of the cross hairs of the microscope. 
The clutch is then disengaged. The chord length across the void on the line of traverse is 
measured by manually operating the mechanism which moves the stage with respect to the 
earriage block so as to shift the opposite edge of the void to the intersection of the cross hairs. 
The clutch is engaged again and the traverse is continued until another void section is en- 
countered on the line of traverse. The chord length is measured as before, and so on. Each 
void traversed by the intersection of the cross hairs is recorded on a counter so as to establish 
the total number of voids included in a determination. Thus, the linear traverse method in- 
dicates directly the total traverse length across the voids encountered, the total length of 
air-free concrete traversed, and the number of voids intersected. 

From these data, several parameters of the void system are computed. The number of 
voids encountered per unit length of traverse n and the average chord length of the voids l 
are computed readily from the empirical data. A and @ are computed as previously indicated. 


PREPARATION OF GROUND SURFACES 


The apparatus permits analysis of specimens as long as 18 in., but the dimensions of a speci- 
men prepared for analysis are governed practically by the diameter of the grinding laps. The 
largest sample that can be prepared satisfactorily on a 12-in. diameter laps is about 6 x5 
in. Consequently, a sample prepared for analysis may comprise several slabs to insure adequate 
sampling. 
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INDICATED AIR CONTENT-PERCENT 


40 60 80 100 120 140 
LENGTH OF TRAVERSE - INCHES 


Fig. A-1—-Change in indicated air void content of concrete with increasing length of 
linear traverse 


After sawing of the slabs with a diamond blade, a smooth plane surface is obtained by grind- 
ing consecutively with No. 100 (to remove saw marks), No. 220, and No. 280 or equivalent 
abrasives on a rotating cast-iron lap and then finishing the grinding on a grooved lap using 
No. FFF and then No. 303% or equivalent abrasives until the finish is suitable for micro- 
scopical examination. It is extremely important that the surface be washed and lightly 
scrubbed with a soft brush after each operation to remove grit and loose particles of concrete. 


Very little difficulty was encountered in preparing surfaces of ordinary concrete that has 
been cured adequately. However, high air content, high water-cement ratio, lean mixes, and 
deterioration present problems in surface preparation. For example, at very high air content, 
the bubbles tend to coalesce, and the thin septa and ridges between the voids are easily lost 
during grinding. Void parameters determined on such a surface usually are only approxima- 
tions because numerous chord interceptions must be estimated. 


To minimize the difficulties of surface preparation, we have experimented with grinding 
procedures and with impregnation of the specimen to strengthen and support the near-surface 
concrete. Of all impregnating media tested, carnauba wax* is the most satisfactory. Briefly, 
the method is as follows: (1) heat the concrete specimen to 150 C; (2) melt the carnauba 
wax and brush on the surface of the hot concrete after it has been ground with coarse abrasives; 
(3) after the specimen has cooled nearly to room temperature, complete the grinding as out- 
lined above; and (4) after a satisfactory surface has been prepared, remove the wax by heating 
the specimen (ground side up) at 150 C for 10 to 24 hr. During this time in the oven, the wax 
impregnating the surface is drawn by capillarity into the interior of the specimen so that the 
voids remain as well defined sections. Especially soft and fragile specimens may require a 
repetition of the impregnation procedure before a satisfactory surface is obtained. 


ADEQUACY OF DATA 


Brown and Pierson’? have shown that a linear traverse of 100 in. should suffice to determine 
air content of concrete with reasonable accuracy. In our experience, this length of traverse 
is adequate to establish the air content of concrete containing aggregate as coarse as 1)4-in. 
maximum size. The effect of the length of traverse on the indicated air content for three 


*Carnauba wax is used as a base for commercial and household waxes and polishes. It usually can be obtained 
from manufacturers of these products or from chemical suppliers. 
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TABLE A-1—VOID PARAMETERS DETERMINED BY THREE OPERATORS ON THE 
_SAME CONCRETE SPECIMENS® 
Microscopically determined void parameters 
ee weyers 4 a ian 
chord Specific Number of Spacing 
content, intercept, surface, |bubbles intercepted factor 
percent in. in.-! _ per in. 





Specimen 1 





0.0127 315 } 0.0307 
0.0150 267 0.0210 
0.0134 | 299 926 0.0300 
0.0137 294 





Specimen 2 





0.0056 

0.0060 

Cc sa 0.0061 
Average oO 0.0059 





Specimen 3 





A ; 0.0033 
B 0.0034 
Cc 0.0035 
Average .76 0.0034 





*Length of traverse is approximately 50 in. 


vibrated specimens containing %4-in. maximum size aggregate is represented in Fig. A-1. 
The data show that the indicated air content changed very little after 100 in. of linear traverse 
were completed. For all three specimens, a was established adequately after a traverse of 50 
in. 


The length of traverse necessary to determine the air content with reasonable accuracy 
for concrete containing aggregate of 114-in. maximum size or larger is primarily one of judg- 
ment. Some difficulty is usually encountered with 6-in. maximum size aggregate, and traverses 
of 250 in. or more may be required to accommodate irregular distribution of the large particles 
of aggregate. If the concrete exhibits an unusual degree of segregation, the tota! length of 
traverse is increased considerably and is conducted on a larger total surface when possible. 


REPRODUCIBILITY 


The results of the linear traverse are adequately reproducible provided the operator is 
trained properly. Especial attention must be given to instruction on distinguishing air voids 
from depressions in the ground surface produced by plucking of grains of fine aggregate. 
Care must be taken also in determining whether or not a void is tangential to the index mark 
or cross hair in the ocular. Difficulty may be encountered in identifying voids or, especially, 
in determining the position of the periphery, when the voids are partially or completely filled 
by deposits of crystals or gel. 


Results obtained by three petrographers on the same specimens are summarized in Table 
A-1. The specimens were selected to represent a considerable range of air content and average 
bubble size. Specimen 1 is non-air-entrained concrete whereas Specimens 2 and 3 are air- 
entrained. For the air-entrained concrete, the determined parameters vary as much as 9 
percent from the average, but the average deviation is only 2.3 percent. For the non-air- 
entrained concrete, the variation between operators is larger on the average, probably because 
of the sparse and erratic distribution of the voids. 
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CURRENT REVIEWS 


of Significant Contributions in Foreign and Domestic Publications 


Bridges 


Bridges on German federal interre- 
gional highways (Briickenbauten an 
Bundesfernstrassen) 
W. Kuincenserc, Der Bauingenieur (Berlin), V. 32, 
No. 7, July 1957, pp. 245-258 

Reviewed by Aron L. Minsky 


In Germany, construction and maintenance 
of interregional highways are legally the re- 
sponsibility of the federal government. 
Lengthy, well-illustrated article describes 
some of the many interesting bridges of 
major dimensions constructed on these high- 
ways in recent years. Structures are of all 
types but are grouped under two major head- 
ings: all steel with steel deck (protected by 
a wearing surface), and composite construc- 
tion. 


Construction Techniques 


Concrete on the west coast of Jutland. 
Part 1—Concrete technique 


G. M. Iporn, Progress Report B1, Committee on Alkali 
Reactions in Concrete, Danish National Institute of 
Building Research and the Academy of Technical 
Sciences, Copenhagen, 1958, 57 pp., 12 D.kr. (25 per- 
cent discount may be obtained by ordering full series) 
AvuTuor's SUMMARY 
A survey of developments in concrete 
technique from about 1870 to 1952 used in 
the erection of numerous major structures of 
different types on the west coast of Jutland. 
Emphasis is given to the development in Den- 
mark of special types of cement with respect 
to sulfate resistance. Information is given on 
(1) concrete materials including mixing water, 
aggregates, and admixtures; (2) mix pro- 
portions and recorded properties of fresh con- 
crete; (3) different procedures of casting and 


A part of copyrighted Journat or THe AMERICAN Concrete INsTITUTE, 
P.O. Box 4754, Redford Station, Detroit 19, Mich. 


V. 55. Address 
review, the book or article reviewed is in English. 
language. 


are not available through ACI. 
year. 


curing. Some data on field testing of hardened 
concrete are presented. 

The concluding remarks are few since the 
scope of the paper has been to outline the 
historical development rather than to evalu- 
ate any of the phases of technique described 
or the execution of any of the projects men- 
tioned. 


Philosophy of structures 

Epvarvo Torrosa (English version by J. J. 
and Miros Po.ivKa), 
Berkeley, 1958, 366 pp., 


POLIVKA 
University of California Press, 
$12.50 

This book offers the reflections on struc- 
tural design of one of the world’s great en- 
gineers and architects 
railroad bridge, 


designer of the Esla 
the famous Fronton Recole- 
tos in Madrid, and many other elegant rein- 
forced concrete structures. Systematic but 
non-mathematical, it discusses for both lay- 
men and professionals the basic concepts, 
strategies, and ideals of advanced structural 
design as practiced in the modern world. 
Stress patterns, the materials, 
economy, and other factors in design are 


nature of 
analyzed. Domes, arches, spectacular thin- 
shell concrete roofs, 
truss bridges, aqueducts, dry 
lift-slab buildings, 


arch and 
docks, halls, 
“hung” roofs, and many 
other structures are considered. 


Massive dams, 


Functionalist in its emphasis, but without 
aridity, the volume will be thought-provoking 
for anyone seeking to understand the creative 
thinking that is transforming contemporary 
building techniques. The author concludes: 
“What is lacking is the popular education that 
will awaken the interest of those who are not 
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engaged in this type of work. Also, there is 
need to stimulate in those who devote them- 
selves to construction an awareness that if 
their work were better appreciated by lay- 
men, it would be better for all, and especially 
for themselves.” 


Edge stresses in thin shells of revolu- 
tion 
W. H. Wrrrricx, Report SM-253, Aeronautical Re- 
search Laboratory, Melbourne, June 1957, 31 pp. 
Apptiep Mecuanics Reviews 
July 1958 (Pao) 
This paper reports on a method of satis- 
fying all the edge conditions by superimposing 
on the membrane stresses an additional stress 
system which is governed by the full shell 
equations. It is known that, if the shell is 
thin, these additional stresses decay rapidly 
as the distance from the edge increases. This 
fact is exploited to obtain an approximate 
solution of the full shell equations for the 
additional stress system. 


Static problem of concrete arch bridges 
(in Polish) 


A. Branpt, Inzynieria i Budownictwo (Warsaw) No. 
5, 1957, pp. 195-199 


Pouisnh TecuHNnicaL ABSTRACTS 
Vv 


. 29, No, 1, 1958 


An analysis of arch bridges erected and of 
test results obtained concerning arch systems. 
The static characteristics of such structures 
are given as resulting from the fundamental 
feature—that of the cooperation of the arches 
with the bridge floor girders and connecting 
elements. Basic assumptions concerning the 
different methods of analyzing arch systems 
are also included. 


Method of successive computation of 
internal forces acting in hyperboloidal 
water-cooling towers subject to wind 
pressure (in Polish) 
J. Lepwon, Inzynieria i Budownictwo (Warsaw), No. 
6, 1957, pp. 219-224 
Pouish Tecunical ABSTRACTS 
’. 29, No. 1, 1958 
When computing internal forces acting in 
hyperboloidal water-cooling towers subject to 
wind pressure, load functions have been di- 
vided into three components. Since numerical 
computation of the components is laborious, 
the author advances a method of computing 
internal forces due to wind pressure, which 
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does not involve breaking functions into 
harmonic components. Starting with the 
state of equilibrium of an elementary seg- 
ment of a continually loaded symmetrical 
shell, the author obtains successive formulae 
for the internal forces. An analysis of the 
geometry of a single-shell hyperboloid is 
followed by a numerical example illustrating 
the application of the method discussed. 


Materials 


Insoluble residue determination in 
portland and portland-slag cements 
W. J. Hausreap and B. Cuarken, ASTM Bulletin, 
No. 229, Apr. 1958, pp. 60-65 

The ASTM method of analysis for insolu- 
ble residue in cement was found to give vari- 
able results depending upon the analyst’s 
interpretation of the specified conditions. 
The authors suggest modifications and clari- 
fications to increase the reproducibility of the 
test results. They compared the federal 
method with the ASTM procedure and ob- 
tained different results for certain interpreta- 
tions of the latter procedure. 


Pressures developed in cement pastes 
and mortars by the alkali-aggregate 
reaction 
R. G. Pixe, Bulleti: No. 171, Highway Research 
Board, 1958, pp. 34-36 

Measurements with a special pressure cell, 
using an SR-4 strain gage as the sensitive 
element, show that the alkali-aggregate reac- 
tion in cement pastes and mortars may de- 
velop pressures in excess of 2000 psi. 


Methods for rating concrete water- 
proofing materials 
Ferrvn Kocatasxin and E. G. Swenson, ASTM 
Bulletin, No. 229, Apr. 1958, pp. 67-72 

In an attempt to develop reliable test 
methods for evaluating the effectiveness of 
concrete waterproofers, it was found that a 
combination of saturated and unsaturated 
permeability tests is necessary, the latter 
covering more than one humidity condition. 
The materials tested showed to no advantage 
in the saturated permeability test. However, 
this test may have some merit where filler-type 
or pozzolanic admixtures are used. The un- 
saturated permeability test appeared to make 
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lear distinction between certain types of 
vaterproofings and could be related to cer- 
ain field situations. The capillary absorp- 
ion test gave a good indication of the over-all 
ffectiveness of waterproofings in cases where 
oncrete is subjected to short periods of con- 
act with moisture, with intermediate drying 
ntervals, 

The water repellent and bituminous ad- 
mixtures showed up favorably in all the tests 
except the saturated permeability test. The 
calcium chloride admixture showed no bene- 
ficial effects in this study, apparently because 
the cement used did not respond to the usual 
accelerating action of calcium chloride on 
hydration. 

The cement base paints provided varying 
degrees of benfit when painted on the side of 
the specimen subjected to wetting. The sili- 
cone application had a significant influence on 
moisture flow. 


Method for accelerated testing of port- 
land cements with regard to the de- 
velopment of their mechanical strength 
—report of the Swiss Institute of Mate- 
rial Testing and Research 
Schweizer Archiv far angewandte Wissenschaft und 
Technik (Solothurn), V. 23, No. 3, 1957, pp. 65-70; 
No. 4, 1957, pp. 115-21; No. 5, 1957, pp. 146-56 
Crramic ABSTRACTS 
June 1958 (Hartenheim) 

The aim of this investigation was to find a 
method of hydro-thermal treatment of port- 
land cement giving results for compressive 
strength obtained in the autoclave that agree 
as closely as possible with the 28-day stand- 
ard compressive strength. The test should 
require > 48 hr. 

The equipment used and the results ob- 
tained in six with different 
samples for setting behavior, volume sta- 
bility, loss on ignition, content of free CaO 
and Ca(OH)», and fineness of particle are 
described in detail. The accelerated method 
has proved to be equiavlent to the 28-day 
standard test. 


laboratories 


Portland pozzolan cements 


Tororvusmaru Yosuu and Kinre Kaneko, Semento 
Gijutsu Nenpo, V. 4, 1950, pp. 53-58 

Ceramic ABSTRACTS 

June 1958 (Suzukawa) 


The strength and permeability to air and 
water of pozzolan-lime mortar were deter- 
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mined; the floc test for durability was also 
made. No differences in the disappearance 
of alkalinity were observed between the 
mortar of portland pozzolan cement contain- 
ing diatomaceous earth and that of portland 
cement. The mortars were stored in air for 
more than 6 months after removal from the 
mold. 


Evaluation of the quick chemical test 
for alkali reactivity of concrete aggre- 
gate 

Ricnarp C. Mievenz and E. J. Benton, Bulletin 
No. 171, Highway Research Board, 1958, pp. 1-15 

The following factors were investigated: 
(1) presence in the aggregate of minerals 
effecting extraneous reduction of alkalinity, 
including dolomite, antigorite, and calcite; 
(2) effect of agitation during the reaction 
period; (3) preliminary acid treatment of 
samples to remove carbonates; (4) measure- 
ment of pH during titration to determine the 
reduction of alkalinity; (5) modification of 
filtering procedures; and (6) variation in 
volume and concentration of the NaOH solu- 
tion. 

The findings do not justify modification of 
the test procedure at this time. However, it 
is recommended that a petrographic exami- 
nation of the aggregate be performed as a 
guide to evaluation of the results of the chemi- 
cal test. 


Some properties of portland pozzolan 
cements 
Toyvorvsimarv Yosut and Saigro Axarwa, Semento 


Gijutsu Nenpo, V. 4, 1950, pp. 59-64 


Ceramic ABSTRACTS 
June 1958 (Suzukawa) 
Mortar strength at 3 days to 5 years, sulfate 
resistance, and heat of hydration of portland 
pozzolan cements are reported. 


Miscellaneous observations on the 
alkali-aggregate reaction and the ionic 
charge on hydrated cement 
Rosert G. Prxe and Donatp Hvusparp, Bulletin 
No. 171, Highway Research Board, 1958, pp. 16-33 

It has been demonstrated by an interfero- 
metric technique that calcium hydroxide has 
an inhibiting effect on the alkali-aggregate 
reaction, and it has also been demonstrated 
that opal may be caused to swell in the ab- 
sence of any cement membrane. The fact 
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that aggregates are attacked more rapidly in 
a settling cement sludge than in the super- 
natant liquid has been explained by the 
higher pH values in the sludge. The magni- 
tude and polarity of the excess ionic charge 
on various portland cements has been deter- 
mined by a procedure which used the silver- 
ammonia-bromide complex as the indicator 
ion, and it appears that this ionic charge may 
be a contributing factor in the swelling and 
shrinking of hydrated cement. 


Thiokol latex as applied to shells of 
reinforced concrete silos for petroleum 
by-products (in Polish) 
A. Szurex and H. Owczarex, Przeglad Budowlany 
(Warsaw), No. 3, 1957, pp. 104-105 
Pouish TecHNIcAL ABsTRATS 
V. 29, No. 1, 1958 
Research has been carried on at the In- 
stitute of Building Technology over one of the 
polysulfide products—Thiokol A, in the form 
of latex. Experiments so far made have 
proved, among other things, that the quality 
of thiokol films and covers depends on the 
film-producing properties of latex, and that 
the vulcanization of latex contributes notably 
to improving the resistance of a thiokol film 
to chemicals. 


Pavements 


Model studies of prestressed 
pavements for airfields 

Pau F. Caruton and Rutu M. Benroann, Bulletin 
No. 179, Highway Research Board, May 1958, pp. 


32-50 


rigid 


Describes tests made on small prestressed 
gypsum cement slabs on an artificial sub- 
grade of natural rubber. Conclusions are 
that small scale models of prestressed rigid 
pavements can be used to advantage in 
analysis and design for prestressed pave- 
ments. 


Review of French and British proce- 
dures in the design of prestressed 
pavements 


Pau L. Metvitze, Bulletin No. 179, Highway Re- 
search Board, May 1958, pp. 1-12 


Reviews current practice in the design of 
prestressed pavements for roads and airports 
in France and Britain. Concludes that cur- 
rent design practice results in overdesign for 
load carrying capacity in order to control 
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deflection and furnish sufficient cover. Pro- 
vides other tentative conclusions for the 
guidance of future design in this field. 


Theoretical and practical aspects of 
prestressed concrete for highway 
pavements 


Tuomas Cuoinoky, Bulletin No. 


179, Highway Re- 
search Board, May 1958, pp. 13-31 


Discusses theory of prestressed concrete 
pavement design and test data from the ex- 
perimental slab at Patuxent by the Bureau of 
Yards and Docks, Department of the Navy. 


Precast Concrete 


Precast groins rebuild Florida’s “lost” 
beaches 


Concrete Products, V. 61, 
31, 50 


No. 6, June 1958, p. 30- 


Describes an easily handled, easily assem- 
bled precast unit developed to break up wave 
action and collect sand, preventing storm 
and wind damage on shore property. The 
system employs flat precast units pierced by 
7-in. hose which are joined by 6-in round 
posts. 


Prestressed Concrete 


Spinning molds form prestressed con- 
crete lamp standards 


R. Inonman, Concrete Products, VY. 61, 
1958, pp. 26-28, 52 


No. 6, June 
Describes production methods used in 
Great Britain for spun concrete light poles. 
Includes pictures of various styles produced 
as well as detailed sections and a description 
of testing and production. 


Prestressed concrete 
P. B. Morice and E. H. Coo.ery, Pitman & Sons, Ltd., 
London, Ist Edition, 1958, 394 pp., 57s 6p 

Discusses structural analysis and design of 
prestressed concrete and current construction 
and production practice in Great Britain. A 
brief section is devoted to the history, dis- 
cussion of materials used, and development 
of theory. Separate chapters are then de- 
voted to simple beams, continuous beams 
and frames, tanks and pipes, bridges, and 
advanced theory. 

Other chapters include discussion of all 
important British systems, other European 
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ystems covered in one chapter, pavements, 
ind examples of both bridges and buildings. 
The book should be useful both as a text for 
indergraduate courses and as a reference 
source of information to practicing engineers 
infamiliar with prestressed concrete. 


Experiments on fire-resistance of pre- 
stressed concrete elements subject to 
compression (in Polish) 
lr. Kuvuz, Inzynieria i Budownictwo (Warsaw), No. 9, 
1957, pp. 308-318 
Po.tisn TecuNicaL ABSTRACTS 
V. 29, No. 1, 1958 
This paper discusses fire resistance tests 
made with small prestressed concrete ele- 
ments 25 cm long, as well as with test pieces 
and cylinder specimens. The tests embraced 
problems of the effect of temperature on com- 
pressive strength and on elasticity coefficients. 
A description of the experiments is given in 
detail, together with results and analysis. 
The elements were tested at temperatures up 
to 600 C, kept at this level for 4 hr, and sub- 
sequently they were cooled rapidly. The 
protective concrete layer was 10 mm thick. 
Prestressed concrete elements under com- 
pression behaved much better in fire condi- 
tions than similar elements of concrete not 
prestressed. 


Properties of Concrete 


Early shrinkage characteristics of 

hand-placed concrete 

B. W. Suacxtock, Magazine of Concrete Research 

(London), V. 10, No. 28, Mar. 1958, pp. 3-12 
Avutnor's SUMMARY 

The shrinkage characteristics of fresh con- 
crete from 10 to 15 min up to 2 or more days 
after mixing have been examined for a variety 
of mixes suitable for compaction by hand. 
The apparatus used for these tests, which is 
still in the prototype stage of design, is de- 
scribed briefly. 

Under drying conditions, apparent ex- 
pansion of the concrete, thought to be caused 
primarily by settlement of the specimen in 
the apparatus, occurs immediately after plac- 
ing up to a time between 1% and 4% hr after 
mixing; by this time the concrete has stiff- 
ened sufficiently not to flow. Shrinkage, 
varying between 1 X 10-* and 13 X 10", 
takes place during the next 6 to 8 hr; there is 
then little further movement for a day or 
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more. Concrete kept under water shows a 
greater apparent expansion, and no early 
shrinkage. 

For mixes of approximately constant work- 
ability, amount of early shrinkage under dry- 
ing conditions appears to increase as richness 
of the mix increases (with corresponding 
changes in the water-cement ratio), and it 
also increases as the amount of 
within the concrete decreases. 


bleeding 


Studies on air-entrained concrete (in 
Japanese) 
Sanco Sexi, Transactions, Japan Society of Civil 
Engineers, No. 50, Dec. 1957, 54 pp. 
Reviewed by Kryrosn1 Oxapa 

Process of strength development of con- 
crete having larger or smaller water cement 
ratio is studied experimentally by measuring 
hydration heat and by microscopic observa- 
tion. Concrete of smaller water-cement ratio 
shows the tendency of developing further 
strength at ages later than 91 days. Author 
also suggests that durability of concrete is 
substantially dependent upon the ratio of 
the freezable water to air content in concrete, 
and that the durability factor 
linearly with increasing freezable water-air 
ratio. 


decreases 


Structural Research 


Study of failure test in reinforced 
concrete beams (Contributo allo studio 
di trave in cemento armato in fase 
anelastica ed e rottura) 
Ueo Rosserti, Giornale del Genio Civile (Rome), V. 
95, No. 10, Oct. 1957, pp. 783-797 
Reviewed by Joun I. Pretez 

The article gives a very complete analysis 
of testing beams with different reinforcement 
coefficients and different bar 
spacing in the beam. The reader can also 
find a few interesting diagrams of failure test 
limits comparing the different designs of 
reinforcing steel. 


patterns of 


Stresses 
beams 


P. H. Kaar, Proceedings, Society for Experimental 
Stress Analysis, V. 15, No. 1, pp. 77-84; reprinted as 
Bulletin D18, Portland Cement Association, July 1958 


in centrally loaded deep 


Outlines test procedures, results, and con- 
clusions of studies on the action of stresses in 





524 JOURNAL OF THE AMERICAN 
centrally loaded deep beams. Tests were 
not experimental in nature but were an 
illustrative study of the gradual transition 
from a simple linear flexural relationship to 
the highly nonlinear stress state characteris- 
tic of very deep beams. Several conclusions 
regarding action of deep beams were reached 
as a result, viz., there is considerable tension 
above and compression below the neutral 
axis; neutral axis often shifts its position 
with dimensional and loading changes; rela- 
tive positions of loads and supports are of 
great importance; and stresses computed by 
ordinary flexure formulas are not accurate 
for these beams. 


General 


Impressive vibrations of towers and 
their elimination (Bemerkenswerte 
Schwingungen an Tiirmen und ihre 
Beseitigung) 
J. Gereer, Der Bauingenieur (Berlin), V. 32, No. 7, 
July 1957, pp. 259-262 
Reviewed by Arnon L. Mirsxy 

Two examples are presented to illustrate 
value of policy of measuring, analyzing, and 
then prescribing, instead of arbitrarily 
strengthening. First example concerns a con- 
veyor tower, where torsion from the electric 
motor drives was found to be the culprit. 
Second example is a church steeple; here 
large vibrations occurred during ringing of 
the heavy bells. Mathematical analysis, com- 
plicated by the highly irregular cross section 
of the steeple, and method of cure are de- 
scribed in some detail. 


Proposed minimum standards for resi- 
dential pools 


National Swimming Pool Institute, 
May 1958, 15 pp. 


Harvard, IIL, 

Presents minimum requirements considered 
consistent with health, safety, and public 
welfare for construction and design of resi- 
dential swimming pools. The proposed 
standard is intended to assist regulatory 
agencies in developing new sanitary and build- 
ing codes, and in revising older codes to 
cover installation and use of residential 
swimming pools. Prescribes minimum safety 
equipment, dimensions for diving, sanitary 
equipment, and _ structural requirements. 
The structural requirements are very general 
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being largely performance requirements, and 
could be improved by reference to materials 
and design methods prescribed in existing 
codes or by establishing minimum safety 
factors. 


Design and application of a simple 
acoustic strain gage 
Civil Engineering and Public Works Review (London), 
V. 42, No. 618, Dec. 1957, pp. 1366-1370 

Reviewed by J. J. Potrveka 

Frequency of transverse vibration of a 
stretched wire is proportional to the square 
root of the tension in the wire, on which law 
acoustic strain gages are based. 

Author refers to various types of this very 
sensitive means of measuring strain; describes 
the design and operation of a simple inexpen- 
sive portable acoustic gage for measuring 
static strain by using the standard Maihak 
recording instrument, although any other 
recording instrument can easily be applied. 
Under normal conditions strains of the order 
2 X 10°* may be recorded. This gage is re- 
markably stable, and under normal condi- 
tions temperature variation has little effect 
on its precision. However, if subjected to 
rapid temperature fluctuation the gage must 
be properly shielded. 


Estimating construction costs 
R. L. Pevurtroy, McGraw-Hill Book Co., Inc., New 
York, 2nd Edition, 1958, 446 pp., $10.75 

An estimator’s handbook suitable for use 
as a reference by construction engineers, de- 
sign engineers, contractors, and architects. 
Describes in detail various types of estimates 
and methods of preparation. Individual 
chapters deal with various construction mate- 
rials and many types of construction. Also 
includes coverage of workmen’s compensa- 
tion insurance, other insurance, and perform- 
ance bonds. Tables giving production rates, 
especially those applying to labor, have been 
revised in this edition to give ranges in pro- 
duction rates instead of fixed rates. 

New chapters or parts of chapters cover: 
additional equipment for and methods of drill- 
ing rock, stone masonry, frame residences, 
carpentry, interior trim and millwork, and 
glass and glazing. New material has been 
included on painting, lathing and plastering, 
roofing and sheet metal, plumbing, and elec- 
trical work. 
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155 Reasons Why... 


What is the purpose of air entrain- 
ment in concrete? 


How do the requirements of placing affect the 
proportions of aggregates and cements? 


.... The ACI CONCRETE PRIMER should be your guide 
to better concrete. The PRIMER develops in simple terms the 
principles governing concrete mixtures and presents a handy ref- 
erence text for those who apply these principles to the production 
of permanent structures in concrete. Expanded to 72 pages 

155 answers—the new pocket-size edition of the CONCRETE 
PRIMER brings developments of the past three decades into 
the question-and-answer format of this long-popular handbook. 


$0.50 TO ACI MEMBERS NONMEMBERS $1.00 


American Concrete Institute, P.O. Box 4754, Redford Station, Detroit 19, Michigan 


Please send __copies of the 1958 edition of the ACI Concrete Primer. 


($0.50 for ACI members, $1.00 for nonmembers) 


Check (or money order) enclosed for____amount 


Nome.__..... 
Address.._... 
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On the Cover—Black terrazzo railing 
defines the stairway approach to the 
new ACI headquarters building slated 
for formal dedication during the 1958 
of Institute in 
Detroit this month. Pneumatically 
applied concrete surface covers the 
electrical heating element which will 
free steps of winter snow and ice. A 
trio of articles by architect, engineer, 
and contractor, beginning on p. 417 
of this month's oder tga recounts 
some of the chall 
and execution of this nthe structure. 
—Photograph by Hersey 
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President—Phil M. Ferguson 
Vice-president—lLewis H. Tuthill 


The ACI Nominating Committee, headed by 
George W. Washa, University of Wisconsin, has 
announced the names of candidates to be submitted 
to member ballot at the 55th annual convention, 
Feb. 23-26, 1959, at the Statler Hilton Hotel, 
Angeles. 


Los 


For President 


Phil M. Ferguson, professor of civil engineering, 
University of Texas, Austin, has been nominated 
to succeed Douglas McHenry as president for a 1- 
year term beginning at the February 1959 conven- 
tion. Professor Ferguson is now completing his 
second year as Institute vice-president. 

An ACI 1930, Fergu- 
son’s achievements reveal his active participation 
in Institute affairs over a period of nearly 30 years. 
He has served on the Board of Direction, the 
Technical Committee, numerous 
technical and administrative committees. He is 
presently a member of ACI Committee 115, Re- 
search; Committee 208, Bond Stress; and Com- 
mittee 318, Standard Building Code. He is ACI 
representative on the American Welding Society 
subcommittee on welding of bars, metal 
and connections in reinforced concrete construc- 
tion. He has twice been recipient of the Wason 
Medal for Research: in 1957 for his paper 
Implications of Recent Diagonal Tension Tests 
(ACI Journat, August 1956) and jointly in 1953 
with J. Neils Thompson, University of Texas, for 
work reported in their paper, ‘Diagonal Tension in 
T-Beams Without Stirrups” (ACI JournaL, March 
1953). 


After graduating from the University of Texas in 
1922 and receiving MS degrees from the Uni- 
3 


member since Professor 
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Activities 
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versity of Texas in 1923 and the University of 
Wisconsin in 1924, he spent several years 
with Dwight P. Robinson and Co., New York, 
in structural design of power plants and in- 
dustrial buildings and construction of hotels 
and apartment buildings. 

Professor Ferguson returned to the Uni- 
versity of Texas as associate professor in the 
field of structures and materials in 1928. He 


Phil M. Ferguson 


became professor in 1939 and was made chair- 
man of the civil engineering department in 
1943, a post from which he recently retired. 
Long recognized as an authority on structural 
design, Professor Ferguson has been consult- 
ant on a number of projects. 

Past president of the Texas Society of 
Professional Engineers and active in a num- 
ber of professional societies, he heads the 
ASCE Committee on Masonry and Rein- 
forced Concrete. 


For Vice-President 

Lewis H. Tuthill, concrete engineer, Divi- 
sion of Design and Construction, California 
State Department of Water Resources, Sac- 
ramento, has been nominated for a 2-year 
term as vice-president. Well known to 
JOURNAL readers, Mr. Tuthill has been a 
frequent contributor of technical papers for 
many years. Joining ACI in 1926, he has 
participated in nearly every phase of Institute 
activity. He has been a member of the Board 
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Lewis H. Tuthill 


of Direction and now serves on the Technical 
Activities Committee and numerous ACI 
technical committees. He has prepared or 
collaborated on at least 14 papers for the 
JouRNAL. His paper, “Concrete Operations 
in the Concrete Ship Program’’ (ACI Jour- 
NAL, January 1945) earned him the ACI 
Construction Practice Award. In 1956 he 
and William A. Cordon were awarded the 
Wason Medal for the most meritorious paper 
of the year for their joint contribution “Prop- 
erties and Uses of Initially Retarded Con- 
crete.”’ 

Mr. Tuthill assumed his present position in 
1956; previously he had been associated with 
the Bureau of Reclamation in Denver for 17 
years, and was chief of the Concrete Lab- 
oratory when he resigned to join the Cali- 
fornia State Department of Water Resources. 

Since graduation from Oregon State Col- 
lege in 1920, Mr. Tuthill has been continu- 
ously engaged in design and construction 
work on irrigation, water supply projects, 
and the building of dams, with the technique 
and control of concrete as his primary in- 
terest. 

Mr. Tuthill is currently chairman of ACI 
Committee 611, Inspection of Concrete, and 
Committee 614, Recommended Practice in 
Measuring, Mixing, and Placing Concrete; 
he is a member of five other ACI technical 
committees: 116, Nomenclature; 207, Prop- 
erties of Mass Concrete; 605, Hot Weather 
Concreting; 609, Compaction of Concrete 
by Mechanical Means; and 621, Aggregates. 

Joe W. Kelly, professor and vice-chairman, 
Department of Civil Engineering, University 
of California, Berkeley, was elected to a 2- 
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year term as vice-president at the 1958 con- 
vention, and will continue in that office. 


Board of Direction 


Nominated to the four vacancies on the 
ACI Board of Direction for 3-year terms be- 
ginning at the February 1959 convention are: 
Roger H. Corbetta, George C. Ernst, E. A. 
Finney, and Walter J. McCoy. 

Roger H. Corbetta, president, Corbetta 
Construction Co., Inc., New York, has been a 
staunch supporter of ACI activities since 
joining in 1941. 

Mr. Corbetta has been identified with pre- 
cast concrete structures and prestressing 
methods since 1920. He has pioneered in the 
field of thin shell concrete construction and is 
one of the nation’s leading concrete con- 
tractors. 

A founder of the Concrete Industry Board 
of New York City, he served as its chairman 
for 5 years, and now is the Institute’s repre- 
sentative on the board. Mr. Corbetta also 
is a member of Committee 324, Precast 
Reinforced Concrete, Thin Sections. He is a 
director of the National Concrete Contractors 
Association, and a member of the board of 
governors of the Building Congress of New 
York City. 

George C. Ernst, professor of civil engi- 
neering and director of the Engineering Ex- 
periment Station at the University of Ne- 
braska, Lincoln, graduated from the Uni- 
versity of Michigan in 1925 and has been in 
academic work since 1930 at Iowa State 
College, University of Maryland, and Uni- 
versity of Nebraska. In 1956 he resigned 
from the chairmanship of the civil engineering 
department at the University of Nebraska 
to devote full time to teaching and research. 

Professor Ernst has been an ACI member 
since 1935, actively participating in adminis- 
trative and technical committee work for a 
number of years. He is currently a member 
of Committee 115, Research, and will serve 
as chairman of the newly formed Committee 
338, Torsion. 

Professor Ernst has contributed a number 
of technical papers which have appeared in 
the JourNAL, the latest being on “Ultimate 
Torsional Properties of Rectangular Rein- 
forced Concrete Beams,” published in the 
October 1957 JouRNAL. 


E. A. Finney, director of the research 
laboratory, Michigan State Highway De- 
partment, Lansing, is presently chairman of 
ACI Committee 325, Structural Design of 
Concrete Pavements for Highways and Air- 
ports; a member of Committee 116, Nomen- 
clature, and ACI representative to the High- 
way Research Board. He is also a member of 
the Technical Activities Committee. 

Mr. Finney graduated from Allegheny 
College in 1923 and received his MS in high- 





1959 ACI CONVENTION 
February 23-26—Los Angeles 


Attention Exhibitors 


The local committee for the 55th ACI 
Annual Convention in Los Angeles, 
Feb. 23-26, 1959, will sponsor an 
exhibit in conjunction with the 
convention. 

Firms desiring to exhibit are requested 
to contact: 

Glen Thomas 

c/o Southern California Chapter 
American Concrete Institute 
Room 1058, 742 S. Hill St. 
Los Angeles 14, Calif. 











way engineering from Iowa State College in 
1925. From 1925 to 1937 he served on the 
staff of the Civil Engineering Department 
and Engineering Experiment Station at 
Michigan State College and joined the Michi- 
gan State Highway Department in 1937. 
In 1942 he became director of the depart- 
ment’s research laboratory. He has been 
especially active in research associated with 
air-entrained concrete, concrete pavement 
design and performance, and concrete ma- 
terials. 

Walter J. McCoy, director of research for 
Lehigh Portland Cement Co., Coplay, Pa., 
has been active in ACI since joining in 1946. 
He has already completed one 3-year term 
as a member of the Board of Direction, serves 
as chairman of the Technical Activities Com- 
mittee, and is currently a member of Com- 
mittee 115, Research; 116, Nomenclature; 
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201, Durabiliy of Conerete in Service; 216, 
Fireproofing or Fire Protection of Structures; 
and 331, Structures of Concrete Masonry 
Units. He is also ACI representative to ASA 
Sectional Committees A-41 and A-42, on 
masonry and plastering, respectively. 


Mr. McCoy graduated from 
State College and received his MS degree 
from the University of Minnesota. He is the 
author of numerous papers on analytical 
chemistry, portland cement, and concrete. In 
1951 Mr. McCoy was awarded the ACI 
Wason Medal for the most noteworthy 
original research paper of the year, “New 
Approach to Inhibiting Alkali-Aggregate Ex- 
pansion,’ which he co-authored with A. G. 


Caldwell. 


Wisconsin 


Nominating committee 


Members of the Nominating Committee 
who prepared the new slate of officers are, in 
addition to Chairman Washa; R. E. Cope- 
land, National Concrete Masonry Association, 
Chicago; George C. Ernst, University of 
Nebraska, Lincoln; Ben C. Gerwick, Jr., of 
Ben C. Gerwick, Inc., San Francisco; Frank 
Kerekes, Michigan College of Mining and 
Technology, Houghton; Walter H. Price, 
Bureau of Reclamation, Denver; John P. 
Portland Cement Association, 
Chicago; and Charles 8. Whitney, Ammann 
and Whitney, Milwaukee and New York. 


Thompson, 


Twenty candidates have been chosen for 
the 1959 Nominating Committee, five of 
whom will be elected at the February con- 
vention. 

Candidates are: 
ArTHUR R. ANDERSON 
DeLMaAR L. BLoeM 
8S. D. Burks 
R. A. BuRMEISTER 
Wiiuram A, Corpon 
Wa.tpemar C. Hansen 
8S. B. Heim 
Tuomas B. KENNEDY 
GeorceE E. Larce 
James A. McCarruy 
Gerorce H. NELSON 
Gene M. Norpsy 
H. F. Peckwortu 
T. C. Powrrs 
CuHeEsTerR P. Sress 
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Northern California members 
contemplate local ACI chapter 


Preliminary steps to organize a local AC] 
chapter in northern California have bee: 
taken by a sponsoring committee of members 
in that area. 8. D. Burks of Dewey and Almy 
Chemical Co., San Leandro, is acting as 
chairman of the group; Joe W. Kelly, Uni- 
versity of California, Berkeley, is chairman 
of a subcommittee appointed to develop a 
statement of objectives for the proposed 
chapter and formulate by-laws. He is being 
assisted by Al Klein and Milos Polivka, both 
of the University of California. 


Harry Thomas, Pacific Gas and Electric 
Laboratory, Emeryville, is chairman of the 
membership subcommittee with Ed Howard, 
Pacific Cement and Aggregates, Inc.; Max 
Neumann of Woodward, Clyde and Asso- 
ciates, Oakland; and Lewis H. Tuthill, Cali- 
fornia State Department of Water Resources, 
Sacramento, as committee members. 


Other members of the sponsoring committee 
are: Orville Jack, Permanente Cement Co., 
Cupertino; Ben C. Gerwick, Jr., of Ben C. 
Gerwick, Inc., San Francisco; Carl Rollins, 
Basalt Rock Co., Inc., Napa; Frank Killinger, 
Hales Testing Labs, Oakland; Dick Allen, 
Dewey and Almy Chemical Co., San Leandro; 
and Jay Jellick, Portland Cement Associa- 
tion, San Francisco. 


The sponsoring committee is anxious to 
acquaint all ACI members in the northern 
California area with the current status of the 
proposed chapter. The necessary signatures 
have been secured to accompany the petition 
to Institute headquarters requesting forma- 
tion of this chapter. Application is now 
pending and will be acted upon at the October 
meeting of the Board of Direction during 
the 1958 regional meeting in Detroit. 


New slag testing lab established 


National Slag Association and Standard 
Slag Co. have opened a new research and 
testing laboratory at Canfield, Ohio, with the 
purpose of enhancing the application of slag 
in the concrete industry for the future. The 
facility has four main testing centers: moist 
curing room, concrete laboratory, freeze-thaw 
room, and aggregate laboratory. 





NEWS LETTER 


six new ACI teehnieal 
committees approved 


Constantly expanding the scope of ACI activities, the Board of Direction 
has approved the formation of six new technical committees bringing the 
total number of ACI technical committees in operation up to 53. Combined 
footings is the subject assigned to one of the new committees; another will 
study the strength evaluation of existing concrete structures. Two of the newly 


formed committees will concentrate on tor- 
sion, and allowable stresses in reinforcement, 
respectively. The other two committees will 
deal with portland cement plaster and low- 
pressure steam curing practices. 


Committee 336 studies footings 


Paul Rogers, consulting engineer, Chicago, 
has been appointed chairman of Committee 
336, Combined Footings. This committee 
will collect records of successful designs, com- 
pare theoretical assumptions of soil behavior, 
and compare design methods in use and/or 
those prescribed by other codes. All types of 
combined footings now outside the scope of 
the ACI Building Code will be considered. 
Generally accepted methods of design pre- 
sented in various reference books, authorized 
by various statutory codes both domestic 
and foreign, and those in use by practicing 
design offices will be considered. In partic- 
ular, performance records will be correlated 
with design methods in developing recom- 
mendations. 


Strength of existing structures topic for 
Committee 337 


Carlos D. Bullock of Burgwin and Martin, 
Topeka, Kan., has assumed chairmanship of 
Committee 337, Strength Evaluation of Exist- 
ing Concrete Structures. The committee 
will collect information on methods of evalu- 
ating capacity of existing concrete structures. 
Reports will include recommendations for a 
theoretical analysis, field data required, and 
methods of securing such data. 

Recommendations by this committee for 
procedures of structural analysis will include 
only those which differ from procedures 
accepted in design such as may be required 


for evaluating effects of fire, weathering, 
abrasion, chemical attack, shock, settlement, 
cracks, frozen or faulty joints, or openings cut 
and additional work added after completion 
of construction. Recommendations will in- 
clude suggestions for tests appropriate to 
determine strength of concrete in place and 
effectiveness of reinforcement. 
will be included for 


Suggestions 


methods to evaluate 





1958 REGIONAL MEETING 
Statler-Hilton Hotel, Detroit 
October 27-29 


Full coverage in December issue 











properties such as strength, pulse velocity, 
surface hardness, abrasions resistance, sonic 
modulus, permeability, and creep. 


Torsion to be considered by Committee 
338 


George C. Ernst, University of Nebraska, 
Lincoln, is chairman of Committee 338, Tor- 
sion, which will study available research and 
existing requirements for design and statu- 
tory codes. The committee will report on 
recommendations for torsional 
stresses, singly and in combination with 
shear, flexural, or axial stresses for plain and 
reinforced concrete. Recommended methods 
for analysis and design for elastic or ultimate 
strength methods will be given. 


allowable 


Committee work will cover design of plain, 
reinforced, or prestressed concrete for torsion, 
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special reinforcement for torsion, combina- 
tions of spiral, hoop, and tie reinforcement 
with longitudinal reinforcement. Studies of 
existing codes may include the Greek Build- 
ing Code, British Code, and Indian Railway 
Code. 
of elastic and plastic theory compared to 
strength tests. 


Studies of research will include results 


Committee 339 to work on reinforce- 
ment stresses 


Another of the recently approved com- 
mittees, Committee 339, Allowable Stresses 
in Reinforcement, is headed by Robert Sailer, 
U. 8. Bureau of Reclamation, Denver. This 
committee will evaluate successful practice 
rather than initiate research. 
Its objectives will be an evaluation of per- 
formance and a comparison of safety factors 
in practice rather than development recom- 
mendations for safety factors. 


and research 


The committee will analyze available pub- 
lished research data, foreign practice, and 
available examples in this country utilizing 
high strength reinforcement in nonprestressed 
The group will then prepare a 
summary of successful practice in which 
allowable steel stress is related to strength of 
reinforcement including limitations which 
were imposed upon, and prescribed methods 
of estimating crack width and deflection. 


concrete. 
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Committee 624 to write plaster specifi- 
cation 

Joseph D. McNulty, Sr., of MeNulty 
Brothers, Chicago, is chairman of Committee 
624, Portland Cement Plaster. This com- 
mittee is assigned the task of preparing a 
specification for portland cement plastering. 
The group will study the recommendations 
of the former committee, other recommenda- 
tions, research, and present practices. Rec- 
ommendations will be developed for interior 
and exterior application, reinforcement or 
backing required, decorative effects, jointing, 
lightweight aggregate, admixtures, machine 
and manual application, and cements suit- 
able for such plaster. 


Steam curing guide will be developed 
by Committee 717 

J.J. Shideler, Portland Cement Association, 
Chicago, heads up Committee 717, Practice 
in Low-Pressure Steam Curing. This com- 
mittee will start work on a comprehensive 
guide to the best practice for utilizing low 
pressure steam and high temperatures in 
curing concrete. Recommended practices 
will be prepared for accelerated curing of 
structural concrete elements and common 
types of precast concrete products. Rec- 
ommendations will be based upon present 
practice and presently available research 
data. Research data collected and recom- 
mendations developed by other ACI com- 
mittees will be considered for.incorporation in 
the report. 

Recommendations of this committee will 
eventually include use of steam at atmos- 
pheric pressure; desirable temperatures, and 
timing and rate of heating; effect of admix- 
tures; effect of various cements; and pro- 
cedures for normal, lightweight aggregate, 
and foam concretes. Recommendations suit- 
able for a range of applications including con- 
crete masonry, structural precast elements, 
precast prestressed elements, and pipe will be 
developed. 





Harris establishes European office 

Frederic R. Harris, Inc., consulting engi- 
neers, New York, N. Y., has established a 
subsidiary in The Hague, Netherlands, to 
serve clients in Europe and the Middle East. 
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Architect: Milton M. Schwartz & Associates, Chicago; Structural Engineer: Miller Engineering Co., Chicago 


2,100 tons of RAIL STEEL reinforcing bars 


assure strength and safety for 


nation’s tallest reinforced concrete structure 


Rail steel provides extra strength and safety to EXECUTIVE 
HOUSE—40-stories of concrete nearly complete in Chicago—the 
tallest reinforced concrete building in the U.S. High-strength rail 
steel reinforcing bars were specified and used throughout, not only 
in the building’s framework of columns, four shear walls and 57 
caissons 118’ below ground level, but also for an extra strength- 
safety factor in the flat beam and tile joist floors and cantilever slabs. 
By specifying re-bars made of Rail Steel, these designers have made 
ample provision for unpredictable overloads and insured maximum 
shock resistance. 


There are other important benefits too when considering high-tensile 
rail steel reinforcing bars for your next design. One is the uniformity 
resulting from the rigid specifications under which rail steel’s raw 
material has been produced. Another reason is the prompt and 
accurate service you get from the network of strategically located 
manufacturers. Remember, rail steel reinforcing bars meet both 
ASTM specifications A-16 and A-305. For more information, contact 


RAIL STEEL BAR ASSOCIATION 
38 SOUTH DEARBORN STREET © — CHICAGO 3, ILLINOIS 
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A CONCRETE MAN’s concrete laboratory be- 
gan operation recently at Portland Cement 
Association Research and Development Lab- 
oratories, Skokie, Ill. 
“element,’’ the laboratory, billed as the world’s 
largest testing machine, is itself the result 
of the most recent developments in the con- 
crete field. An 56 x 120-ft 
test floor is the main testing apparatus. 


Designed in its own 


unencumbered 


Floor design 


The floor was designed, using bridge design 
methods, to act as a hollow concrete box 
girder in the longitudinal direction and a 
Vierendeel girder in the transverse direction. 
It is the first floor of its type to be designed 
according to principles of reinforced concrete; 
with only 2 percent of alloy steel deformed 
bars as main reinforcing, it functions com- 
pletely as reinforced concrete. The specially 
rolled bars meet requirements of ASTM 
A 305 and have a yield strength of 70,000 psi. 

Test loads are applied against specimens 
through steel tie rods which project through 
21-in. holes in the 2-ft “upper chord’’ of the 
cast-in-place floor and are stressed by hy- 
draulic jacks which pull against the underside. 
The service capacity of the floor is about 
10,000,000 lb, and full sized girders, roof slabs, 
or shells can be tested to destruction. All 
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Employs 
Ultimate strength design 
High strength reinforcement 


structural elements of the building were de- 
signed by the ultimate strength method with 
concrete specified to have a minimum 28-day 
compressive strength of 5000 psi. 

Above the test floor the building is built 
entirely of precast elements. Columns, 2 ft 
square, 42 ft 11 in. long, are cantilevered from 
reinforced sockets in the floor to form bents 
22 ft on centers. 
lightweight expanded shale concrete cast on 
the test floor, tilted up, and fastened with 
clip angles to the columns. 


Wall panels are precast 


The panel con- 
crete was designed for a 28-day strength of 
4000 psi. 


Tests reported 


Roof girders fit into slots in the columns 
and span 58 ft. The joint, similar to a mortise 
and tenon, provides practically no resisting 
moment. The girders were designed accord- 
ing to the appendix to “Building Code Re- 
quirements for Reinforced Concrete (ACI 
318-56)’ with certain modifications and ex- 
tensions. Tests were made to substantiate 
the departures. (See p. 469 of this month’s 
JouRNAL for a report of these tests.) Columns 
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Tilt up construction 
Concrete sculpture 
Precast constuction 


are tied together in the longitudinal direction 
with Z-shaped spandrel beams which also 
provide a 3-ft roof overhang. 


20-ton crane supported by 
girders 


The 20-ton crane which serves the labora- 
tory is supported by precast girders reinforced 
with high strength steel. Negative reinforce- 
ment over the supports was lapped and 
welded to provide continuity. The girders 
were designed with a higher safety factor than 
other structural elements to reflect the high 
safety factor customary in the design of the 
crane itself. 

A 4 ft 8 in. wide balcony is provided along 
one wall for visitors. Brackets supporting the 
baleony are attached to the columns by two 
post-tensioned high strength steel bolts. The 
roof deck is composed of hollow precasi con- 
crete units spanning 20 ft between roof gird- 
ers. Negative reinforcement was installed 
over the girders to give some continuity. In- 
sulation and built-up roofing were applied to 
the concrete units. 


eee eh. 
ROS WES & Hy mike P & 
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JJRAL LABORATORY 


The columns, cast with smooth surfaces, 
contrast with the 20 x 30-ft wall panels which 
were cast against textured rubber form liners. 
This exterior texture, which has a vertical 
emphasis, is highlighted by small square in- 
dentations arranged in a pattern of squares. 
The inside surface of the panels is broomed. 

Above the wall panels in the testing 
area are 5-ft precast panels which are orna- 
mented with designs expressing various as- 
pects of testing. The originals were modeled 
in clay and plaster molds made from them, in 
which the concrete was cast. One sculptured 
panel is centered in each bay and flanked by 
panels of vertical fluting. Windows replace 
the sculptured panels in an office section of the 
building. The main entrance foyer is en- 
closed with large precast sculptured wall 
panels produced in the same manner as the 
panels used in the upper portion of the wall. 
These panels are 8 ft wide and 11 ft high. 


The Structural Laboratory is under the di- 
rection of Eivind Hognestad, manager, de- 
velopment section, and supervised over-all by 
Douglas McHenry, director of development. 
Architects were Dunlap and Esgar; and 
general contractor G. A. Fuller Co., Chicago 
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NEW BRIDGE ECONOMY... 


wih COMPOSITE /£ 
AMDEK SECTIONS, /:/ 


Placing first of three spans 
in a 197 foot long Composite 
Amdek Bridge in Pennsylvania. 


Another example of American-Marietta 


PROGRESS in CONCRETE 


*After the new four-foot wide Composite 
Amdek Sections are positioned, a four- 
inch concrete deck is cast over the raised 
stirrups. The box sections and surfacing 
then become an integral working unit. 

Composite Amdek Sections with con- 
crete surfacing require less concrete, less 
handling and no form work—which results 


in considerable savings. Independent dy- 
namic tests have proven their tremendous 
fatigue strength. 

For information on this and on stand- 
ard three-foot wide Amdek Beams with- 
out raised stirrups for use under asphalt 
surfacing, contact American-Marietta 
Company. 


AMERICAN-MARIETTA COMPANY 
CONCRETE PRODUCTS DIVISION 


GEWERAL OFFICES: 


AMERICAN-MARIETTA BUILDING 
VOT EAST ONTARIO STREET, CHICAGO 11, ILLINOIS, PHONE: WHITEHALL 4-5600 
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Positions and Projects 





New Jersey construction bureau 
uses ACI standards 


The Bureau of Construction of the State 
of New Jersey recently adopted a standard 
specification for prestressed and precast 
concrete construction based on recommenda- 
tions as published in the report of ACI-ASCE 
Joint Committee 323, “Tentative Recom- 
mendations for Prestressed Concrete’ (ACI 
JoURNAL, Jan. 1958). The _ specification 
stipulates that bidder is to abide by the pro- 
visions of the ACI Building Code (ACI 318- 
56). 

Other ACI standards incorporated by ref- 
erence in the specification are: ““Recom- 
mended Practice for Winter Concreting (ACI 
604-56)’; “Recommended Practice for Se- 
lecting Proportions for Concrete (ACI 613- 
54)’: and “Recommended Practice for 
Measuring, Mixing, and Placing Concrete 
(ACI 614-42).”’ 


Rowe awarded grant to 
study curved structures 


Robert 8. Rowe, professor and chairman of 
the civil engineering department at Duke 
University, has received a U. 8. Army Officer 
of Ordnance research grant of $10,952 to 
study stresses and strains in doubly curved 
structures. 

Before going to Duke in 1956, Professor 
Rowe was associate professor of civil engi- 
neering and director of the rivers and harbors 
section at Princeton. 

Professor Rowe has been an ACI member 
since 1952 and is currently a member of Com- 
mittee 322, Permissible Stresses for the De- 
sign of Unreinforced Concrete. 


Special Libraries Center 
inaugurates translation service 


The Special Libraries Association Transla- 
tion Center at the John Crerar Library, 
Chicago, has announced that it can now 
furnish, on a subscription basis, printed 
catalog cards for current scientific and tech- 
nical material which has been translated into 
English from all languages, including Russian. 


Thus it makes available in easy-to-use card 
form the thousands of citations given in the 
center’s bibliographical journal, Translation 
Monthly. 

Four types of subscriptions to translation 
catalog cards are available: full coverage of 
Translation Monthly (approximately 12,000 
titles yearly); coverage of all translations 
currently received by the center (approxi- 
mately 6750 titles yearly); coverage of all 
Russian translations received by the center 
(approximately 3100 titles yearly); and cov- 
erage of all titles in specific subject fields. 

Further information may be obtained from: 
SLA Translation Center, John Crerar Li- 
brary, 86 Randolph St., Chicago. 


Cosgrove appointed to 
Maryland plant 

George V. Cosgrove has been named super- 
intendent of the new Alpha Portland Cement 
Co., plant at Lime Kiln, Md. Mr. Cosgrove, 
who started with Alpha in July of 1951 as 
plant engineer at Manheim, W. Va., was 
combustion engineer for all Alpha plants be- 
fore moving to his present position. 


Cornell names building in 
honor of Upson 


Upson Hall, named in tribute to Maxwell 
M. Upson, a graduate of the class of 1899 
and a trustee of the University since 1925, 
was formally presented to Cornell University 
on June 14 at a special dedication ceremony 
the Cornell*campus in Ithaca, N. Y. 

The newest and largest of the eight build- 
ings comprising the university’s new Engi- 
neering Quadrangle, Upson Hall will accom- 
modate approximately 700 undergraduate 
and graduate mechanical engineering stud- 
ents. The reinforced concrete structure con- 
tains approximately 126,000 sq ft of floor 
space. 

Mr. Upson has been an active ACI mem- 
ber since 1912. He was president of the In- 
stitute in 1926, has served on ACI’s Board of 
Direction and technical committees, and has 
contributed several technical 
JOURNAL publication. 


papers for 
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Now 70% of all concrete highways are 


Steel reinforcement in portland cement 
concrete is now required for highway 

construction in 23 states. These 23 
states account for more than 70% of all 
highway construction! 


HERE’S WHY: 


Safer driving—Welded wire fabric rein- 
forcement holds together the edges of 
hairline cracks which may appear in 
concrete slabs. It protects highways . 
prevents the appearance of dangerous 
and unsightly breaks in pavement. 
Adequately reinforced concrete roads 
provide smoother riding . . . safer driv- 
ing for our motorists. 


ALWAYS ASK, HT 
(iss) American Welded Wire Fabric 


Longer road life—Highways last longer 
and require less maintenance when they 
are strengthened with quality steel re- 
inforcement. American Welded Wire 
Fabric reinforcement adds 30% to the 
strength of concrete slabs. And it adds 
years of maintenance-free highway 
service. 


Future traffic-The next few years will 
bring a tremendous increase in the 
traffic load on our expanding highway 
system. And roads will need, more than 
ever before, the extra 30% of strength 
that American Welded Wire Fabric 
adds to concrete slabs. 


¢ 
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reinforced with steel ! 


HERE’S THE BRAND TO BUY: 


American Welded Wire Fabric is made of 
extra-strong cold-drawn wire, electri- 
cally welded into a tough network of 
steel. Spacing is precise; joints are 
strong; and the product is rigidly in- 
spected .. TEs = + Aggy wiper from 
steel to finished fabric. Be sure your 
roads are built to last with American 
Welded Wire Fabric reinforcement. 
Send today for our new booklet: Ameri- 
can Steel & Wire, 614 Superior Ave., 
N.W., Cleveland 13, Ohio. 


USS and American are registered trademarks 


THE INDIANA TOLL ROAD is per- 
manently reinforced with American 
Welded Wire Fabric. American 
Welded Wire Fabric provides safety 
and long, dependable service for most 
of our other superhighways, too, in- 
cluding the Pennsylvania Turnpike, 
the New York Thru Way, the Ohio 
Turnpike, and the new Connecticut 
Expressway. 


STEEL REINFORCEMENT is an 
important construction feature in most 
of America’s new toll highways. 
American Welded Wire Fabric adds 
30% to the strength of concrete slabs 
. «+ provides permanent crack resist- 
ance ... reduces the need for main- 
tenance. And it's prefabricated for 
quick, easy installation. Whether 
you're building a turnpike or a city 
street, specify the finest in steel rein- 
forcement—American Welded Wire 
Fabric. 


American Steel & Wire 


Division of United States Steel 


Columbis-Geneve Stee! Division, San Francisco, Pacific Coast Distributors 
Tennessee Coal & iron Division, Fairfield, Ala., Southern Distributors + United States Stee! Export Company, Distributors Abroad 
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Concrete produced with time-tested 
POZZOLITH® 


was used in the 
46 precast roof sections of 
American Concrete Institute 
new headquarters building, Detroit 


Roof sections grouted with EMBECO® Non-Shrink Mortar 
é 


ARCHITECT-ENGINEER: Yamasaki, Leinweber & Associates, Royal Oak, 
Michigan 
CONSULTING ENGINEER: Ammann & Whitney, Milwaukee, Wisconsin 


GENERAL CONTRACTOR: Pulte-Strang, Inc., Ferndale, Michigan 


POZZOLITH READY-MIXED CONCRETE: Frank J. Knight Co., 
Center Line, Michigan 


THE MASTER BUILDERS co. 


DIVISION OF AMERICAN-MARIETTA CO 
General Offices: Cleveland 3, Ohio * Toronto 9, Ontario * Export: New York 17, N.Y. 
Branch Offices In All Principal Cities © Cable: Mastmethod, N. Y. 
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Concrete products industry 
surveyed 

Employing approximately 70,700 persons 
in 5090 plants, the concrete products indus- 
try attained an estimated volume in 1957 
of $920 million in value of products shipped, 
according to the second annual Survey of 
Industrial Buying Power published by Sales 
Management magazine. 

It was disclosed that Los Angeles County, 
Cal., is the nation’s leading concrete products 
county, employing approximately 2400 per- 
sons in 85 plants. 

The nation’s top 20 concrete products 
counties are shown by the survey to contain 
618 plants, representing 12.1 percent of the 
industry total. 


Simpson awarded MIT degree 


The Massachusetts Institute of Technology 
has conferred the DSe degree in civil engineer- 
ing on Prof. Howard Simpson. Dr. Simpson 
also was honored recently by the Boston So- 
ciety of Civil Engineers with the award of the 
Desmond Fitzgerald Medal. This medal, 
the society’s senior award, was given for the 
paper, “The New ACI Code—Its Implica- 
tions and Ramifications.”’ 

An ACI member since 1947, Dr. Simpson 
currently serves on ACI Committee 318, 
Standard Building Code and ACI-ASCE Com- 
mittee 323, Prestressed Reinforced Concrete. 
He is a member of the firm Simpson, Gum- 
pertz and Heger, Inc., Cambridge, Mass. 


Prior named technical service 
manager by Dewey and Almy 


Melville E. Prior has been appointed tech- 
nical service manager of the construction 


chemicals department, Dewey and Almy 
Chemical Division, W. R. Grace and Co., 
Cambridge, Mass. 

Mr. Prior, with 25 years experience in 
cement and concrete technology, will special- 
ize in technical assistance and service to dis- 
tributors and customers, development of 
technical literature, and the company’s par- 
ticipation in the work of the construction 
industry’s professional and technical societies. 

Mr. Prior is chairman of Subcommittee 1 
of ACI Committee 212, Admixtures, and a 


member of Committee 115, Research. He is 
also a member of the Highway Research 
Board, and active in a number of technical 
committees of the American Society for Test- 
ing Materials. 


Teng joins Chicago 
engineering firm 
Wayne Teng, formerly of the faculty of 
the Illinois Institute of Technology, 
joined John F. Meissner Engineers, Inc., 
Chicago, as head of the structural department. 
Dr. Teng has had extensive experience in 
the structural engineering field. Formerly 
assistant chief structural engineer for Skid- 
more, Owings, and Merrill, he has worked on 


has 
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a number of outstanding buildings in the 
Chicago area. He was in charge of the design 
of several structures for the new Air Force 
Academy at Colorado Springs, Colo. While 
associated with Sargent and Lundy he par- 
ticipated in the design of a number of steam 
and atomic power plants. 


Prestressed Concrete Institute 
holds fourth annual convention 


The 1958 annual meeting and convention of 
the Prestressed Concrete Institute was held 
September 21-25 at the Edgewater Beach 
Hotel, Chicago. In addition to a comprehen- 
sive technical program, the convention fea- 
tured an exhibit of new equipment and ma- 
terials for the prestressing industry. 

The opening session was presided over by 
PCI President Ben C. Gerwick, Jr. with 
Charles Luckman of Pereira and Luckman, 
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Los Angeles, featured as keynote speaker of 
the convention. 

Two panel discussions were devoted to 
marketing and promotion with Robert Singer 
of Ben C. Gerwick, Inc., San Francisco, act- 
ing as chairman and moderator. ACI mem- 
ber, Peter J. Verna, Jr., Concrete Materials 
Co., Charlotte, N. C., served as moderator 
at the panel discussion on yard handling, 
transportation, and erection techniques; Joe 
Schneider of Edward Campbell Co., Vineland, 
N. J., conducted the panel discussion on 
quality concrete for prestressing. 

Maury Bender, Knoerle, Graef, Bender and 
Associates, Inc., Baltimore, moderated the 
panel discussion, “Draping Strands at Illinois 
Toll Road and Elsewhere;’’ ACI member Jack 


concrete houses cement 


The two-story, 34,000-sq ft structure, built 
by Riverside Cement Co. at Crestmore, 
Calif., exemplifies wide use of manufactured 
concrete products, and the trend toward 
attractive suburban centers for 
enterprises in southern California. 

One of the wings houses extensive labora- 
tory facilities on the ground floor, and large 
drafting and engineering areas and offices on 
the second floor. The other wing has a 
ground floor garage with conference room 
and supervisory offices on the second floor. 
The two wings are connected on the second 


industrial 


level by a precast post-tensioned balcony slab. 


October 1958 


Janney, consulting engineer, Chicago, led a 
panel discussing interpretation of specifica- 
tions in relation to inspection. 

Charles C. Zollman of Schupack and Zoll- 
man presided at the morning session on 
September 25 when a report was presented on 
the proposed PCI certification of prestressing 
plants. A panel discussion followed on long 
prestressed bridges with Morris M. 
Schupack of Schupack and Zollman acting as 
moderator. 


span 


At the closing session of the convention 
Ben C. Gerwick, Jr. reported on the recent 
Berlin conference on prestressed concrete. 
Prof. T. Y. Lin of the University of California 
reported on prestressing in the Soviet Union 
and compared it with United States practices. 


company 


Among some of the new materials and 
innovations utilized were lightweight masonry 
concrete block and an ornamental girder 
canopy with cast-in-place design. 

Other 
columns, and roof framing in the structural 


features include concrete floors, 
shell, floating spiral staircases (exterior and 
interior), precast sun-shade units, varying 
forms of multicolored concrete panels and 
tiles, and patios with pebble aggregate paving. 
Designed by Allison and Rible, architects; 
constructed by Twaits-Wittenberg Co., Los 
Angeles constructors-engineers. 


FLOATING SPIRAL STAIRWAY 
at Riverside Cement Co.'s 
recently completed office and 
laboratory building at Crest- 
more, Calif., is only one of 
many eye-catching architec- 
tural features 
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Precast 
Concrete 
Components 
Lifted and 
Placed with 


“Kichmend 
Lifting 
Inserts 


Precast a slab being tilted into ~o by means 
of Richmond Lifting Inserts and Lifting Brackets. 


Certified tests by an independent laboratory assure proper strength rating 


for efficient design and performance in concrete at usable strength 


Richmond has developed and test- 
ed a complete line of Lifting Inserts 
and accessories for handling and 
placing of precast concrete wall 
slabs, columns, beams, girders, 
piles, etc. 

No matter what type of precast 
units are involved, Richmond can 
supply exactly the right type of in- 
sert for the specific job. 

These units are designed with 
adequate extra strength and for 
simple operation in lifting and 
bracing precast concrete compo- 
nents. 


Send for your copy of the Richmond 
Data Book on Lifting Inserts giving 
complete technical data, dimensions, 
working loads and ultimate strengths 
in various strengths of concrete. At the 


same time ask for your copy of the 





ing the com- 
plete line of 
form tying an- 
chorage and ac- 
cessory devices 
for concrete 
construction 
backed by 47 
years in this 
field. 


latest Richmond 
\ 
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Handbook show- 
“Richmond DATA BOOK 
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Plastiment concrete in 7 foot deep beams 


is being revibrated before deck is placed. 


PLASTIMENT 
CONCRETE 
DENSIFIER 


FOR PHILADELPHIA’S 
GORGAS LANE BRIDGE 





This unusual monolithic prestressed beam and slab design resulted 
from alternate bids permitted by Philadelphia’s progressive Depart- 
ment of Streets* . . . Savings of more than 20% over conventional 
steel design were passed on to the taxpayers. 

Each 120 ft. long span, 34 ft. wide; including two traffic lanes, 
sidewalk, and half of the center median strip was concreted in one 
continuous 260-yard operation . . . Since 8-10 hours elapsed during 
placement, Plastiment was specified to control initial set. Plastiment 
provided these additional benefits: better compaction, greater density, 
and faster development of stressing strength. 

Your clients will benefit from the better structural quality of 
Plastiment concrete . . . Specify Plastiment for your next job... 


Write for Bulletin PCD. 


AD 26-7 


Smallwood, Street C 


*David M. 
Noe! W. Willis, Chief Bridge Engineer 





The Preload Company, inc., New York City — Consulting Engineers 
The Conduit & Foundetion Corporation, Philadelphia — Contractor 


SIKA CHEMICAL CORPORATION 


PASSAIC, NEW JERSEY 


DISTRICT OFFICES: BOSTON + CHICAGO + DALLAS 
* DETROIT + PHILADELPHIA + PITTSBURGH 
* SALT LAKE CITY * WASHINGTON + DEALERS IN 
PRINCIPAL CITIES—AFFILIATES AROUND THE WORLD 
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Westerhoff named professional 
engineers’ society director 


Russell P. Westerhoff, a vice-president of 
Ford, Bacon and Davis, Inc., New York, has 
been named to a 2-year term as a director of 
the National Society of Professional Engineers 
to represent the New Jersey Society of 
Professional Engineers. 

Mr. Westerhoff’s professional services have 
ranged from industrial economic reports to 
plant design and construction. He has been 
with Ford, Bacon and Davis since 1928, 
when he received his MS in civil engineering 
from the Massachusetts Institute of Tech- 
nology. 

He is an ACI member and active in a 
number of other professional societies. 


Billig accepts London position 


Kurt Billig has accepted the position of 
chief engineer for the development of nu- 
clear power stations with Taylor Woodrow 
Construction, Ltd., London. Prior to this 
appointment Dr. Billig had been with the 
United Nations Technical Assistance Admin- 
istration as consultant to the government of 
Pakistan. 


ideal Cement uses prestressed 
channels in unique conveying 
system 


A contract for the longest permanent cross- 
country transport belt conveying system ever 
constructed, 51% miles in length, was recently 
awarded by Ideal Cement Co. of Denver to 
Link-Belt Co., Chicago. 

The entire multimillion dollar system com- 
prises seven conveyors arranged consecu- 
tively to provide continuous flow of material 
and will transport crushed limestone and 
shale at a rate of 1000 tons per hr from Ideal’s 
Lawrence, Okla. quarry to its Ada, Okla. 
cement mill. The length of the longest in- 
dividual conveyor will be 11,920 ft. 

One of the most unusual features of the 
cross-country belt conveyor will be the use of 
prestressed lightweight concrete channels, 
which both support the conveyor and provide 
a continuous all-weather cover throughout its 
entire length. The prestressed concrete 
channels and precast concrete piers will be 


furnished by the Thomas Concrete Pipe Co. 
of Ada. Construction has begun and com- 
pletion is scheduled for early 1959. 

The Ada plant expansion is part of a $170 
million company-wide expansion program 
which is designed to increase Ideal’s produc- 
tive capacity to 40 million barrels annually by 
1965. 


Ultimate strength design seminar 
in St. Lovis on November 1 


An ultimate strength design seminar will 
be held ali day, November 1, on the campus 
of St. Louis University, St. Louis, Mo. 

Panel participants include: Eivind Hogne- 
stad, Portland Cement Association, Chicago; 
John McCarthy, head of the Civil Engineer- 
ing Department, St. Louis University; James 
Cronin, professor of civil engineering at St. 
Louis University; Calvin Garrett, Scott and 
Garrett, Oklahoma City; W. L. Fraley from 
PCA in Chicago; and Arnold Bock, PCA, 
St. Louis. 


Killgore elected president 
of Florida concrete group 

Ernest 8. Killgore, Pinellas Concrete Prod- 
uct Co., St. Petersburg, Fla., was elected 
president of the Florida Concrete and Prod- 
ucts Association at the recent annual conven- 
tion of the group in Ft. Lauderdale. 


Schupack and Zollman open 
civil engineering office 

Charles C. Zollman, head of Charles C. 
Zollman and Associates consulting engineers, 
Newtown Square, Pa., has announced the for- 
mation of Schupack and Zollman for the 
practice of civil engineering, particularly in 


precast and prestressed concrete. Morris 
Schupack was formerly chief engineer and 
vice-president of the Preload Co., and will 
continue to serve as consultant to that firm. 

The new engineering firm will concentrate 
in the field of long span prestressed structures. 
Charles C. Zollman and Associates will con- 
tinue to serve the prestressed concrete pro- 
ducer in the design of pretensioning plants 
and plant manufactured products. 

Both Mr. Zollman and Mr. Schupack are 
ACI members and are currently serving on 
ACI-ASCE Committee 323, Prestressed Rein- 
forced Concrete. 
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: TECHKOTE LIFT SLAB SOMPOUNDS, 


““Multi-story, Lift Slab Job"’ 


300 Y-S 400 Y-S 500 Y-S 


Techkote Company developed the original curing and bond-breaking 
agent used successfully during the early testing phases of the Youtz-Slick 
Lift Slab Method of Construction. This compound is known as Techkote 
Lift Slab Compound 300 Y-S. As additional requirements for special treat- 
ments became apparent, Techkote Company developed Techkote Lift 
Slab Compound 400 Y-S and Techkote Lift Slab Compound 500 Y-S. 

It is highly essential in casting these large slabs that maximum strength 
concrete be produced. Four basic requirements to obtain this are: correct 
mix-design, thorough mixing, workmanlike placing and proper curing. 
Techkote Lift Slab Compounds produce this proper curing. They comply 
with leading Governmental Specifications. 


TECHKOTE LIFT SLAB COMPOUND 300 Y-S Wax-base compound. Provides 
excellent cure and bond-breaking at low cost. Is effective on all surfaces 
including floated, broomed, etc. 

TECHKOTE LIFT SLAB COMPOUND 400 Y-S Wax-free compound. Produces 
a tough film that provides excellent cure and bond-breaking and is resist- 
ant to rainfall and abrasion. Film is compatible with good quality ad- 
hesives, paints, etc. 

TECHKOTE LIFT SLAB COMPOUND 500 Y-S Wax-free compound. Leaves a 
minimum film that provides good cure and bond-breaking. Film weathers 
—_ quickly. Requires a minimum of preparation for painting, placing 
tile, etc. 


TECHKOTE GH SOMPANY 


' uw CarRrRreeRFeagerReAT E BD 


600 LAIRPORT STREET, EL SEGUNDO, CALIFORNIA 
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Who’s Who 


Minoru Yamasaki 


Reflections on concrete and its use in the 
distinctive design originated for the new In- 
stitute building are offered by the architect. 
Minoru Yamasaki in “ACI Headquarters 
Presented a Challenge in Concrete,”’ p. 419. 

Mr. Yamasaki received his BS in architec- 
ture from the University of Washington, 
Seattle, then did graduate work at New York 
University where he was an instructor of 
water color in 1935-36. Volunteering his 
services to help with competition design for 
the Oregon State Capital at the office of 
Githens and Keally, New York, he found him- 
self working as an architect when the firm 
won the competition. 

During the depression and following years 
he studied, taught, and worked for various 
architectural and design firms, gradually 
building respect and winning the admiration 
of architects throughout the country. Then 


in 1945 he became design chief at Smith, 
Hinchman and Grylls in Detroit. 
tation as an outstanding architect continued 
to rise as he worked on various projects. 

In 1949 he formed a partnership and the 
firm of Leinweber, Yamasaki, and Hellmuth 
was organized with headquarters in Detroit 


His repu- 


This firm served as the archi- 
tects for the Lambert-St. Louis Air Terminal; 
the American Consulate, Kobe, Japan; and 
the John J. Cochran Garden Apartments for 
the St. Louis Housing Authority. Among the 
schools the firm designed, two have received 
special awards. 


and St. Louis. 


Since 1955 Mr. Yamasaki has been carrying 
on his work as a principal of Yamasaki, Lein- 
weber and Associates, architects and engineers, 
Birmingham, Mich. In the past 5 years his 
philosophy and expression of design have won 
numerous awards and definitely have estab- 
lished him as one of America’s outstanding 
architects. Three Detroit area buildings re- 
cently designed by the firm are: the Mc- 
Gregor Memorial Conference Center, the 
Reynolds Metal Co. sales office, and the 


This Month 


classroom and administration building for the 
Detroit Arts and Crafts Society. The lab- 
oratory and warehouse for Parke-Davis at 
Menlo Park, Calif., was also a recent design 
by the firm. 

The ACI headquarters building was an 
award winner for Mr. Yamasaki, taking the 
top award in the commerce division in the 
1957 Progressive Architecture composition. 


Charles S. Whitney 


Past ACI president Charles 8. Whitney, 
structural engineer for the Institute head- 
quarters building, conveys some of the prob- 
lems he considered in structural désign of the 
unique folded plate roof in his article entitled 
“Cantilevered Folded Plate Roofs ACI Head- 
quarters,”’ p. 427. 

Mr. Whitney, a partner in the engineering 
firm of Ammann and Whitney, New York and 
Milwaukee, scarcely needs introduction to 
JOURNAL readers. He is well known for his 
contributions to reinforced concrete design, 
particularly in shell construction and other 
arched structures and in ultimate load design. 
A graduate of Cornell University, since 1922 
he has been in private practice as a designing 
and consulting engineer. 

Active in affairs of the Institute since 1920, 
he twice received the Wason Medal, and in 
1951 was accorded the Alfred E. Lindau 
Award “in recognition of his many contribu- 
tions to reinforced concrete design practice.” 
Mr. Whitney was president of the Institute 
in 1955 and has served on numerous ACI ad- 
ministrative and technical committees. He is 
currently chairman of ACI-ASCE 326, Shear 
and Diagonal Tension; and a member of ACI 
Committee 214, Evaluation of Results of 
Cornpression Tests of Field Concrete; Com- 
mittee 312, Plain and Reinforced Concrete 
Arches; Committee 318, Standard Building 
Code. 

Mr. Whitney has twice been awarded the 
Fuertes Graduate Medal of Cornell Uni- 
versity and also has received the J. James R. 
Croes Medal from the American Society of 
Civil Engineers. 
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John R. Strang 


Transforming the approved plans for the 
ACI headquarters building into a tangible 
structure was directed by John R. Strang, 
vice-president of Pulte-Strang, Inc., Fern- 
date, Mich. Mr. Strang unfolds a story of 
the actual work on the building in his article 
“Construction for ACI,” p. 431, highlighting 
some unusual difficult 
countered. 


and problems en- 
Mr. Strang graduated from the Uni- 
versity of Minnesota in 1941. Following 
service in the Corps of Engineers during 
World War II, he was associated with Bar- 
ton-Malow, Oak Park, Mich., for 5 years. 
Since the formation of Pulte-Strang, Inc., 
in 1953, the firm has constructed an im- 


CONCRETE 
TESTERS 


The World's Finest 
Low-Cost 
Precision Testers 


For 


CYLINDERS 
CUBES 
BLOCKS 
BEAMS 
PIPE 


iF IT'S A CONCRETE TESTER 
YOU NEED-GET IN TOUCH WITH 


FORNEY’S, Inc. 


TESTER DIVISION 
P.0.BOX 310 - NEW CASTLE, PA. 
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pressive list of noteworthy projects in the 
Detroit area including the Liberal Arts Build- 
ing at the University of Detroit; the Quick 
Auditorium at Eastern Michigan College, 
Ypsilanti; Bloomfield Junior High in Bloom- 
field Hills, Mich., and is now engaged in con- 
struction of the Dearborn, Mich., Youth 
Center. 

Mr. Strang is also a principal in the re- 
cently formed Foamcrete, Inc., which will 
manufacture and distribute Betocel foamed 
concrete in Michigan. 


Lyndon Welch 


“Folded Plate Dome Ideal for Auditorium”’ 
on p. 441 was written by Lyndon Welch, 
chief structural engineer, Eberle M. Smith 
Associates, Inc., Detroit. 

Mr. Welch received his BA from Harvard 
in 1943 and his MS from Massachusetts In- 
stitute of Technology in 1948. He served in 
the United States Navy from 1943-46. 

During 1949-50, Mr. Welch was an in- 
structor in the School of Architecture and 
Design, University of Michigan. After a 
period of employment in architectural and en- 
gineering offices, he joined Eberle M. Smith 
Associates as chief structural engineer in 1954, 
directing design and erection of lift slab, pre- 
stressed girders, cylindrical shells, and folded 
plates. 


Felix J. Samuely 

Felix J. Samuely, consulting engineer, 
London, reports on his wide experience with 
“Folded Slab Construction’ on p. 447. Mr. 
Samuely was born in Vienna and educated 
in Berlin. He has been in practice as a con- 
sulting engineer in England for 25 years. 

Always interested in current developments, 
in recent years he has given most of his time 
to two problems: the development of skin 
structures made from various building ma- 
terials such as reinforced and prestressed con- 
crete, steelwork, timber, and aluminum, and 
wide span floors in prestressed concrete. 

Among buildings for which Mr. Samuely 
has acted as structural engineer are technical 
colleges, schools, blocks of flats, offices, fac- 
tories, and hospitals in various parts of the 
United Kingdom. His latest buildings of 
special interest include the new United States 
Embassy in London, a church in Stamford, 
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Conn., constructed entirely in precast con- 
crete, the British pavilions at the 1958 
Brussels Universal and International Exhibi- 
tion, London County Council blocks of flats 
of 14, 18, and 25 stories, and the development 
of St. Thomas’s Hospital area. He has been 
particularly interested in the architectural 
expression of engineering structures. 


Otto Safir 


“Reinforced Concrete Core Main Struc- 
tural Element in 22-Story Office Tower’’ on 
p. 461 was written by Otto Safir, consulting 
engineer, Vancouver, B. C. After graduation 
in engineering in 1931, Mr. Safir did post- 
graduate work in Switzerland on reinforced 
concrete bridges. Then until 1945 he worked 
with consulting engineers and designing con- 
tractors in England and had his own con- 
sulting practice there from 1945-49. 

Mr. Safir’s main interests have been struc- 
tural development and he has been responsible 
for the design of several reinforced concrete 
bridges. In 1945 he designed one of the first 
precast structures in England, a double bay 
shed with two 75-ft spans. He was also 


associated with various precast concrete 
housing and factory projects in England. 
Since moving to Canada in 1949 he has en- 
gaged in similar work there, notably in British 
Columbia. 


J. R. Gaston and 
Eivind Hognestad 


J. R. Gaston and Eivind Hognestad are 
joint authors of “Precast Concrete Girders 
Reinforced with High Strength Deformed 
Bars,’’ on p. 469 of this issue. 

Mr. Gaston is an associate development 
engineer in the Structural Development Sec- 
tion of the Skokie, IIl., laboratories of the 
Portland Cement Association. At the present 
he is conducting development work on precast 
concrete components and the joints between 
these components. 

Prior to joining the Portland Cement Asso- 
ciation, he graduated from Rose Polytechnic 
Institute in 1950 and obtained his MS from 
the University of Illinois in 1953. During the 
interim between his university work and 
joining PCA, Mr. Gaston spent two years 


COMPACTOR POWER FLOAT 
WITH COMPACTION CONTROL 


Kelley engineers have developed an 
entirelyJ{new Compactor Power Float 
... larger, easier operating, faster, 
more powerful, and with compaction 
control. For compaction-floating all 
types of monolithic concrete floors, 
for keying-in surface hardeners, for 
compaction-floating heavy-duty, dry- 
tamp concrete floor toppings, and for 
bonding these toppings to the under- 
lying base slab. 


Hiclley MACHINE DIVISION 


Ht WIESNER RAPP CO_ ING 








26 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


in the U. 8. Army Ordnance Corps. He has 


been an ACI member since 1950. 

Mr. Hognestad, manager, Structural De- 
velopment Section, Portland Cement Associa- 
tion, Chicago, is an author well known to ACI 
JOURNAL readers. Prior to joining the PCA 
staff in 1953, Dr. Hognestad was research 
associate professor of theoretical and applied 
mechanics at the University of Illinois. 

He obtained his MS degree in civil engi- 
neering from the University of Illinois and the 
degrees of civil engineer and doctor of tech- 
nical sciences from the Norweigian Institute of 
In 1947 he received a research 
appointment to the University of Illinois 


Technology. 


where he worked on various projects per- 
taining to concrete. 

Mr. Hognestad has been an ACI member 
since 1947. He is vice-chairman of ACI- 
ASCE Committee 328, Limit Design, and a 
member of ACI Committee 318, Standard 
Building Code and ACI-ASCE Committee 
326, Shear and Diagonal Tension. 
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A. C. Scordelis, T. Y. Lin, and 
H.R. May 


A trio of authors, A. C. Scordelis, T. Y. Lin, 
and H. R. May have collaborated in preparing 
“Shearing Strength of Prestressed Concrete 
Lift Slabs,’’ p. 485. 

A. C. Scordelis is an associate professor of 
civil engineering at the University of Cali- 
fornia, Berkeley. After having served in the 
U. 8. Army Corps of Engineers during World 
War II, Professor Scordelis received a BS 
from the University of California in 1948 and 
an MS from the Massachusetts Institute of 
Technology in 1949. He has had experience 
in structural design through his work for the 
Pacific Gas and Electric Co., Bechtel Corp., 
and Ernest J. Kump, architect, at various 
times since 1948. He has been a member of 
the University of California faculty since 
1949 and has participated in teaching and 
research in the fields of structural theory, re- 
inforced concrete, and prestressed concrete. 

A member of ACI, ASCE, and ASEE, Pro- 
fessor Scordelis also serves on ACI-ASCE 
Committee 712, Recommended Practice for 
Pre-Cast Structural Concrete Design and 
Construction; ACI-ASCE Committee 321, 
Design of Reinforced Concrete Slabs; and 
ACI Committee 335, Deflection of Concrete 
Building Structures. He and Professor Lin 
are currently collaborating in research on the 
behavior of continuous concrete slabs pre- 
stressed in two directions. 

T. Y. Lin, after graduating from Chiaotung 
University, China, received his MS in civil 
engineering at the University of California in 
1933. Returning to China he worked with the 
government railways, becoming chief of design 
and planning for the Yunnan Burma Railway. 
In 1946 he joined the faculty of the University 
of California. 

An ACI member since 1950, Professor Lin 
is a member of ACI Committee 314, Rigid 
Frames for Buildings and Bridges and ACI- 
ASCE Committee 323, Prestressed Reinforced 
Concrete. 

Last year Professor Lin was general chair- 
man for the World Conference on Prestressed 
Concrete held in San Francisco. He recently 
returned from the USSR heading an American 
delegation observing Soviet work in pre- 
stressed concrete. In addition to teaching and 
research at Berkeley, he is a partner in the Los 
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Angeles firm of T. Y. Lin and Associates, con- 
sulting engineers specializing in prestressed 
concrete. 

Howard R. May, engineer with the firm of 
T. Y. Lin and Associates, graduated from the 
University of California in 1951. 


mission as a highway engineer. The follow- 
ing two years were spent with the U 
Corps of Engineers. 


He then 
worked two years with the Alaska Road Com- | 


. 8. Army | 


| LABYRINTH 
| WATERSTOPS 


A SOUND INVESTMENT 
| FOR CONCRETE CONSTRUCTION! 


Mr. May returned to the University of | 


California at Berkeley in 1955 and spent one 


year doing graduate study in structures and | 


a year as a research engineer studying pre- 
stressed concrete. He joined ACI in 1957. 


Richard C. Mielenz, Viadimir E. | 
Wolkodoff, James E. Backstrom, | 


and Richard W. Burrows 
Messrs. 
and Burrows present the fourth part of a 


four-part paper on “Origin, Evolution, and | 


Effects of the Air Void System in Concrete”’ 
on p. 507. 


Part 4 is entitled “The Air Void System in | 


’ 


Job Concrete.”’ Part 1 covering “entrained 


air in unhardened concrete’’ appeared in the | 


July 1958 ACI Journat; Part 2, “Influence of 


Type and Amount of Air-Entraining Agent,” | 
was published in the August issue; Part 3, | 
“Some Factors Influencing Size and Spacing | 


of Air Voids in Concrete and Their Effect on 


Freezing and Thawing Durability’? appeared 


in the September issue. 


Biographical sketches of the authors ap- | 


peared in the July and August issues of the 
JOURNAL. 


Dorrance appointed 
Turner technical advisor 
Nelson L. Doe, vice-president, Turner Con- 


struction Co., New York, announces the 


appointment of George P. Dorrance as tech- | 


nical advisor for the company. 


Brown organizes engineering firm 

L. 
in the firm of Brown and Blauvelt, New York, | 
N. Y., has announced the formation of a new 


Francis Brown formerly a 


consulting engineering firm, Brown 
neers, also with offices in New York. 


Mielenz, Wolkodoff, Backstrom, | 


partner | 


Engi- | 


LABYRINTH AVAILABLE IN 2, 3 or 4 rib. 
ON YOUR CONSTRUCTION : 


1. Consider the investment in design, materials 
and labor (to mention a few). 

2. Then consider how important safe, secure 
watertight concrete joints are. 

3. Thorough watertightness can be secured by 
installing Labyrinth Waterstops—a dividend 
that makes the low initial cost of the product 
insignificant when compared to your total in- 
| vestment—and one that insures watertight con- 

crete joints for years! 





Ce Te SE om: 
© Corrugated ribs grip concrete, insure 
an everlasting bond between joints. 
© Finest polyvinyl plastic resists chemical 
action, aging, severe weather. 
© Takes just seccnds to nail to form... 
easy to cut and splice on location (pre- 
fabricated fittings available). 
© There’s a Water Seal product for every 
type of concrete work! 
SSMS OE RL ET RE ERE SE 
It your aim is to stop water seepage, stop it 
effectively with Water Seals’ Waterstops! 

“See Us in SWEET’S” 
| New Literature and Free Samples Sent on Re- 
| quest—Use Coupon Below 


‘WATER SEALS, inc. 


9 South Clinton Street, Chicago 6, Illinois 
Made in Canada for 4. €. a my 
WATER SEALS, INC. DEPT. 5 1 
9 S. Clinton Street 

Chicago 6, Illinois 

Please send free sample and descriptive 
literature. 
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For 


hers 


a > ~ 
J. F. Fitzgerald Expressway, Boston, Mass. 
M. DeMatteo Construction Company, general contractors 


For the smoothest continuous 
concrete column surfaces, use 


Seamless Sonotube 
FIBRE FORMS 


With the Seamless Sonotube Fibre Forms, columns form better, strip quicker and 
finish easier! Developed by Sonoco for use where smoother column surfaces are 
desired, this premium form saves you time, money and labor! 


Whenever there’s a round concrete column to be finished . . . there’s a Sonoco 
Sonotube Fibre Form to do it . . . faster, and more economically than any other 
way! 

Choose the Sonoco fibre form that best fits your requirements . . . the Seamless 
Sonotube, the patented “A” Coated Sonotube (standard form for finished col- 
umns) or the “W” Coated Sonotube (for columns where finishing is not required). 
Order in sizes from 2” to 48” I.D. in standard lengths of 18 ft. Other lengths can 
be furnished to meet special requirements. 


See our catalog in Sweets 


* HARTSVILLE, S. C. For technical information and prices, write 
* LA PUENTE, CALIF. 


« MONTCLAIR, N. J. 
« AKRON, INDIANA 
* LONGVIEW, TEXAS 
* ATLANTA, GA. 
Construction Products 


¢ BRANTFORD, ONT. 
* MEXICO, D.F. 


1962 SONOCO PRODUCTS COMPANY 
See us at the A.S.C.E. Show, Booths 34-35, Statler Hilton Hotel, New York City, Oct. 13-17 





NEWS LETTER 


Honor Roll 


Januery 1—September 30, 1958 


The contest between Blas Lamberti and Joseph J. 
Waddell is very evident this month with only 1 
credit separating the two men. Infivencing others to 
join AC! gives each member the satisfaction of know- 
ing he has helped in furthering the technical knowl- 
edge of concrete and concrete construction. 


Blas Lamberti 
Joseph J. Waddell 
Phil M. Ferguson 
James A. McCarthy 
L. M. Legatski 

Ernst Maag 

H. C. Pfannkuche 
Jerome M. Raphael 


Samuel Hobbs 
Carl H. Koontz 
Douglas McHenry 


Ernest L. Spencer 
Moises Bendahan 


Frank E. Legg, Jr. 
John B. Porter 


Carl E. Ekberg, Jr. 
Aleck S. Evans 


A. T. Hersey 
E. lL. Howard... 


Daniel S. Ling 
George A. Mansfield 


Ellis S. Vieser 

Byron P. Weintz 
William M. Avery 
Robert B. Banning 
Nicandro Jose Barboza 
O.R. Bell...... 


W. S. Cottingham 
Lancelot A. Fekete 
Louis A. Gottheil 
Einar Block Hansen 


George Kurio 

James R. Libby 

Ciceron Hiedra Lopez 
William McGuire 
Bryant Mather 

Frank B. May 

Charles F. Moran 
James A. Murray 
Wendell H. Nedderman 
Neftali Penaloza R 
Abdur Rahman S. Rasul 
Clarence Rawhauser 


George Shervington 
George B. Southworth 
Donald L. Strange-Boston 
Ferruh Taskin 


Oscar J. Vago 
Ruben Cano Vicario 
Jose Antonio Vila 
Ivan A, Villamil 

M, R. Vinayaka 
Charles S. Whitney 
Tsu-ming Yang 


Ga 


The Board of Direction approved 67 Individual 


applications, 3 Corporations, 21 Juniors, and 3 
Students, making a total of 94 new members. Con- 
sidering losses due to resignations, deaths, and 
nonpayment of dues the total membership on Sept. 
1, 1958, was 9596, 


Individual 


Ainsworth, James F., Beaumont, Texas (Branch Mer., 
Southwestern Labs.) 

Benperson, Natuan, Troy, N. Y. 
Engr., Benderson Laboratory) 

Bowers, Henry Kerrn, North Battleford, Sask., 
Canada (P. E., Mer., Forrester & Scott, Archs.) 

Brapsuaw, Huen A., Oklahoma City, Okla. (Chf. 
Engr., Standard Testing & Engrg. Co.) 
BraMante, Ropotro P., Buenos Aires, Argentina 
(Engr. in Chge. Struct. Section, R. y E. Minvielle) 
CampsBe.yi, Ronavp F., Villawood, N. 8. W., Australia 
(Mer., control technical & business operations, 
Monier Prestressed Concrete Pty. Ltd.) 

Canaut, Feperico, Milano, Italy (Designer & Contr. of 
prestressed R/C structures) 

Crpparrone, Acuitte, Roma, Italy (Engr., Struct. 
Dept., Litchfield, Whiting & Bowne, Archs. & Engrs.) 

Cocuran, Roserrt E., Peoria, Ill. (Assoc., C. C. Briggs, 


(Constr. Mtils. 
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LOOKING AHEAD 


Oct. 20-24, 1958—National Safety 
Congress and Exposition, Conrad 
+ aes and other hotels, Chicago, 


Oct. 23-25, 1958—National So- 
ciety of Professional Engineers, 
Fall Meeting, St. Francis Hotel, 
San Francisco, Calif. 


Oct. 27-29, 1958—American Con- 
crete Institute, Regional Meeting, 
Statler Hilton Hotel, Detroit, Mich. 


Nov. 1, 1958— Ultimate Strength 
Design Seminar, St. Louis Uni- 
versity, St. Louis, Mo. 


Nov. 12, 1958—Cleveland Engi- 
neering Society, 1958 Construc- 
tion Conference, Cleveland Engi- 


neering and Scientific C Center, 
Cleveland, Ohio 


Nov. 18-20, 1958—American Stand- 
ards Association, Ninth National 
Conference on Standards, Hote! 
Roosevelt, New York, N. Y 


Dec. 7-10, 1958—American Institute 
of Chemical Engineers, Annual 
Meeting, Netherland Plaza Hotel, 
Cincinnati, Ohio 


Dec. 10-11, 1958—National Con- 
struction Industry Conference, 


Fourth Annual Meeting, Sherman 
Hotel, Chicago, Ill. 


Jan. 12-15, 1959—39th Annual 
National Concrete Masonry As- 
sociation Convention and 11th 
Concrete Industries Exposition, 
Cleveland Public Auditorium, 
Cleveland, Ohio 


Feb. 23-27, 1959—American Con- 
crete Institute, 55th Annual Con- 
vention, Stat a Spatler Hilton Hote!, Los 
Angeles, Calif. 
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Counen, P., Johannesburg, South Africa (Struct. Engr 
Design of R/C Structures, Stewart, Sviridov & 
Oliver) 

Cooper, Leste Trevor, Parkstone Poole, Dorset, 
England (Works Mgr., Sharp, Jones & Co., Ltd.) 
Crary, James F., Manhattan, Kansas (Asst. Prof. of 
Applied Mechanics, Kansas State College, Engr. 
Concrete Constr., Kansas & Wilson & Co., Engrs.) 

Dean, WarrEN F., Rolla, Mo. (Bldg. Contr.) 

Domuesxy, L. A., Harrisburg, Pa. (Proj. pert Gan- 
nett, Fleming, Corddry & Carpenter, In 

Dvusots, PAUL E., Oklahoma City, Okla. “Ont. C. E., 
Coston-F rankfort- Short, Archs. & Engrs.) 

Easterpay, Rosert E., St. Louis, Mo. (C. E., St. 
Louis Water Dept.) 

Evans, James A., Massillon, Ohio (Cons. Engr., 
Head of James A. Evans & Assocs.) 

Farco, Lewis F., Riverside, N. J. (Engrg. Dir., Re- 
~*, & Controi Lab. Div., Trap Rock Industries, 
ne.) 

Ferouson, M. W., Roanoke, Va. (Formerly owned 
and operated Pre-Shrunk Masonry Sales Corp.) 

Fivueeer, W., Stanford, Calif. (Prof. of Engrg. Me- 
chanics, Stanford Univ.) 

Foot, Pere, San Mateo, Calif. (H. E. Casey Co.) 

Fortovut Papron, Dr. Eppy, Caracas, Venezuela (C. 


4.) 

Fow.er, E. W., New York, N. Y. (Director of Codes & 
Standards, National Board of Fire Underwriters) 
Harter, Joun W., Trenton, N. J. (Lab. Magr., United 

Testing Lab.) 

Hayes, Wester T., Oakland, Calif. (Partner, Graham 
& Hayes, Struct. Engrs.) 

Heatn, C. O., Corvallis, Oregon (Assoc. Prof. of Mech. 
Engrg., Oregon State College) 

Horrmaster, Bors, Long Beach, Calif. (Chf. Harbor 
Engr., Port of Long Beach) 

ImmenvoRF, Daviw N., Easton, Pa. (Field Engr., 
Alpha Portland Cement Co.) 

Jewett, Liuorp V., Detroit, Mich. (Asst. Div. Engr., 
Surveying & Insp., Detroit Edison Co.) 

Jurxovicn, W. J., Sacramento, Calif. (Sr. Bridge Engr., 
State of Calif., Div. of Hwys.) 

KIMMELL, Dwiaut, Las Vegas, Nev. (Owner & Mgr., 
Superior Concrete Specialties) 

Kunn, Cuarvies J., Charleston, W. Va. (Pres., Kuhn 
Constr. Co.) 

Lee, Cuesman A., Evanston, Ill. (Design Draftsman, 
U. 8. Steel Corp.) 

Lim, Cure-CurneG, San Nicolas, Manila, Philippines 
(C. E., John Gotamco & Sons, Inc.) 

Loewer, Wuuiam A., Chicago, Ill. (Housing & Ce- 
ment Prod. Engr., PCA) 

Manrique, C., Francisco, Bogota, Colombia (Pre- 
load de C a, - .— ) 

Mickeson, A. William, Ont., Canada (Struct. 
Engrg. & Arce Ms ' Mickeleon. Fraser & Haywood) 

Minacxo, Witt1aM, Johnson City, N. Y. (Field Engr., 
Alpha Portland Cement Co.) 

Mivevrn, Kerrn Bensamin Cuarces, Villawood, N. 8. 
W., Australia (Mng. Dir., Concrete Industries 
(Australia) Ltd.) 

Morean, W. B., Houston, Tex. (Partner, Lloyd & 
Morgan, Archs.) , 

Murria, Juan, Zulia, Venezuela (Engr., Compania 
Shell de Venezuela) 

Opman, Dr. Sven T. A., Stockholm, Sweden (Tech. 
Dir., Cement-och Betonginstitutat) 

Ore, Etwoop L., Denver, Colo. (Matis. Engr., USBR) 

Orozco, Enrieve Lozano, Culiacan, Sin., Mexico 
(Branch Mgr., Casas y Obras, 8. A.) 

Patumso, Perer 8., Jr., Pt. Pleasant, N. J. (Jr. Design 
Engr., Porter, U rquhart, McCreary & O'Brien) 

Peratta, ALrrepo, Caracas, Venezuela (Vice-Pres., 
Industrial Incorporada, C. A.—*ININCA”) 

Pace, ANpRew 8., South Bend, Ind. (Home Builder) 

Po.isner, Lee, Boston, Mass. (Sales Mgr., Engrg. of 
Steam Equipment, Burkhart Engrg. Aenean.) 

Ramirez, I. Perez, Caracas, Venezuela (Engr. Insp. of 
Hwy., Ministry of Public Works) 

RAVELO Meneses, JAVIER, evtege de Cuba, Cuba 
(Practicing Arch., Plans, Bidgs., nst. 

Reessy, Rayrmonp G., Galveston, Tew (Chf. Engr., 
Struct. Cons. Engr.) 

Ropa, Leoncta, Lima, Peru (C. E., Ministerio de Fo- 
mento y Obras Publicas) 

Russo, Jonce Zecarra, Miraflores, Lima, Peru (Tech. 
Mar., Jobs Dept., Asst. Dir., Concrete Prod., Pre and 
Poststressed, Precast Floors, Lime & Gypsum Prod., 
Guillermo Payet 8. A.) 
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NEWS LETTER 


get longer life 
for concrete with 


CLINTON 
WELDED WIRE 
FABRIC 


More and more contractors are real- 
izing that it pays to install Welded 
Wire Fabric wherever concrete con- 
struction is called for. They have 
found through experience that fab- 
ric reinforcement is superior in 
several important ways: 


® Minimizes warping and heaving 
caused by varying temperatures and 
moisture content 


®@ Distributes shrinkage stresses to 
minimize cracking while concrete is 
setting 


@ Should a crack occur, the fabric 
holds it tightly together, preventing 


WHEN THEY ASK... 


‘att 


SAY YES... WITH 


be mer ey nade ma AND IRON CORPORATION—Albuquerque * Amarillo * 
* Houston * Kansas City * Lincoln (Neb.} * Los Angeles * Oakland * Oklahoma City * aye . 
* San Leandro + Seattle * Spokane * Wichita » WICKWIRE SPENCER S$ 


moisture and earth from entering 
and expanding it 

@ Lengthens life of concrete, preserves 
its smooth, attractive surface, and 
keeps maintenance costs to an ab- 
solute minimum 


You get all these advantages when 
you use Clinton Welded Wire Fab- 
ric, plus the knowledge that it’s a 
quality product made and backed 
by a nationwide steel producer. 
Readily available in both the East 
and West, in all popular sizes and 
lengths, Clinton Welded Wire Fabric 
is your easiest, most dependable 
way to assure longer life for concrete. 


CLINTON 


WELDED WIRE FABRIC 
THE COLORADO FUEL AND IRON CORPORATION 


Billings * Boise * Butte * 


5814 


Denver * El Paso 
Portland * Pueblo 
TEEL DIVISION—Atianta 


Sel Cat Lake San Francisco 
fs ty: bficie = Chcage Dera New Orleans * New York * Philadelphia. + CF&l OFFICES IN CANADA: Montreal 
. 


‘ATIVES AT: Calgary * Edmonton * Vancouver * Winnipeg 
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Announcing a | 
Johns-Manville PLACEWEL 


A new liquid additive 
that improves concrete 
3 ways 


Successful usage in millions of yards of concrete has 
proved you save money and get better results at every 
stage when you add /iguid J-M Placewel to your mix. 
You get stronger, more durable concrete—at lower 
construction and maintenance costs. 


IN PLASTIC CONCRETE, PLACEWEL— ? 


Increases workability and placeability 
Reduces bleeding and segregation 
Gives controlled air entrainment. 


IN HARDENED CONCRETE, PLACEWEL— 
eIncreases durability over 300% 
Improves strength and uniformity 
Reduces cracking, permeability, honeycombing and 
shrinkage. 
For complete technical data and assistance, and the 
name of the representative nearest you, contact 
Johns-Manville, Box 14, New York 16, N. Y. 


JOHNS-MANVILLE 5/) 


100 YEARS OF QUALITY PRODUCTS ... 1858-1958 


ee att 8 ee a 
PoC? oe oe tS 
nas. ge ee _ 


Be ee SS OE ro 





NEWS LETTER 


RutHerrorp, Harry W., Portland, Oregon (Corps of 


Engrs.) 

Servace, D. L., Windsor, Ont., Canada (Sr. 
7 ty Smith, Hinchman & Grylls Assocs., 
Ltd.) 

Simmons, Joun L., 
Concrete Co.) 
Stoan, E. 8., San Francisco, Calif. 

Bechtel Corp.) 

Stamper, H. N., Houston, Tex. 
Oil & Refining Co.) 

Sucre, ALrrepo Escopnar, Caracas, Venezuela (Oficina 
Tecnica de Ingeniera—especialidad en Calculos 
Estructurales) 

Tere, Sam, Springfield, Ill. 

0.) 

Troutman, I. Vort, Lyndhurst, Golo Aten. 
Div. Sales, Master Builders Co. 
VAN SUETENDAEL, ARTHUR J., rit, 

(Design Engr. & Office Mar... 

Varoa, Josern E., Birmingham, Mich. (Asst. Prof. of 
Arch., Univ. of Detroit) 

Vescia, Atpovus, Jedda, Saudi Arabia (Prof. Engr.) 

Voix, Joun C., Jn., Wilmington, Del. (Gen. Field 
Engr., PCA) 

Weston, W. G., Birmingham, 
Forms for Concrete Constr.) 


Struct. 
(Canada) 


Florence, Ala. (Chf. Engr., Pressure 


(Sr. Engr., Design, 


(Chf. C. E., Humble 


(Dir., Trapani Engrg. 


Cleveland 


New York, N. Y. 
A. Carl Stelling Assocs.) 


Mich. (Selling of Metal 


Corporation 
Larsen Propucts Corp., Bethesda, Md. (G. 
Morley, Vice-Pres., Tech. Sales & Devel.) 
OrcGana-Bavutenscnutz-G MBH, Bochum-Gerthe, Ger- 
many (Dr. Wolfgang Wegener, Diplom-Chemiker) 
Tusvu tar Propucts, Inc., Souderton, Pa. (Emanuel B. 
Katz, Sec.-Treas., Pur. Agt.) 


Weston 


Junior 


Bruskx!t, Perer 8., Windsor, Ont., 
Engr., Giffels & Vallet of Canada) 

Criark, Hanoip W., Chicago, Ill. (Field Repres. 
Holmes Testing Lab.) 

Corpova, Hector, Los paawes, Calif. (C. E., 
Sasso, Cons. Struct. Engr.) 
Crimp, Artuur Exvxiorr, Neutral Bay, N. 8S. W 
tralia (Instructor, N. 8. W. Univ. of Tech.) 
EverincuaM, Greorce Leroy, Jr., Navesink, N. J. 
(Matls., Eng., Field Work, Porter, U rquhart, Me- 
Creary & O’Brien) 

FirzGeraLp, Ronert W., Worcester, Mass. (Engrg. In- 
structor, Worcester Junior College) 

Grancer, Georce A., Jr., Angola, Ind. 
Tri-State College) 

Howarp, Kevin C., New Berrima, N. 8. W., 
tralia (C. E., Southern Portland Cement Ltd.) 

Krirscney, Oscar, Guatemala, Guatemala (Gov't 
Insp. for Hwys., Bridges, Constr., Dirrecion General 
de Caminos) 

Kunen, James Ropert, New York, N. Y. 
Rudin Management Co., Inc.) 

Lav, Winston Kwox-Cuv, Chicago, Ill. 
signer, Skidmore, Owings & Merrill) 

Lontos, Demetrios K., Corpus Christi, Tex. 
Engr., Texas State Hwy. Dept.) 

MARSHALL, BensaMIN FRANKLIN, III, 
Pa. (Engr. in Trng., Frick & Sweeney) 

Moopy, Pavut, London, Ont., Canada (Struct. 
Engr., M. M. Dillon & Co., Ltd.) 

Muuter, Joun A., Ozone Park, N. Y. 
Severud-Elstad-Krueger Assocs. ) 

Nuyens Avita, Rene, Guatemala, Guatemala (Constr. 
Supt., Dirrecion General de Caminos) 

Ortiz, Cartos Isunza, Mexico, D. F., Mexico (C. E., 
Alen 8. A. Construcciones Industriales) 

Sreinsera, Stanuey P., aa, Ga. (Struct. Engr., 
P & H Engrg. & Constr. Corp 

veer Pasio Raut, La Pune. Republic Argentina 
(C.E 

Wicnoren, Putuir C., San Jose, Calif. (Asst. Bridge 
Engr., State of Calif., Div. of Hwys., Bridge Dept.) 

Yacous, Ape Fareep, Cairo, Egypt (Designing Engr., 
Struct., Dr. Michael Bakhoum) 


(Struct. 


, H. H. 


Canada 


Maurice 


. Aus- 


(Instructor, 


Aus- 


(Proj. Mer., 
(Struct. De- 
(Asst. 
Pleasantville, 
Design 


(Designer, 


Student 
Avami, Zonerr Y., Austin, Tex. (Univ. 
MATHEWS, WiLuiaM R., Windsor, Ont., Canada 
Mena, Yuen Kat, Melbourne, Australia (C niv. of Mel- 
bourne) 


of Tex.) 





Tools, Materials, Services 





Under this heading note is made of producer litera- 
ture and products of presumed technical interest 
to ACI users of tools, equipment, materials, acces- 
sories, and special services. 





Bulk cement plant 

Engineered Equipment introduces to their expanding 
line of batching equipment the Corgal bulk cement 
plant. Various sizes provide a capacity range from 29 
to 413 barrels. 

Especially suited for small and medium size ready- 
mixed concrete plants and all types of concrete products 


plants, the company states that low cost and high pro- 
duction are the keynotes for the design of these bulk 
cement plants. 

Heavy galvanized coating is said to assure many 
years of trouble-free operation. Complete set of aera- 
tion fittings are supplied to condition the cement for 
proper flow. Available in various combinations with 
elevators, screw conveyors, and manual or automatic 
batchers.—Engineered Equipment, Inc., Waterloo, lowa 





Curing b for t 

Crete-Cure, a white pigmented concrete curing mem- 
brane said to have high dispersion characteristics has 
been developed by Thiem Products, Inc. 

In explaining the advantages of this new curing 
membrane, a spokesman for the firm stated that mate- 
rials used in the manufacture of such membranes have 
had a tendency to settle or separate; in Crete-Cure, the 
compounded particles of materials are given greater 
suspension resulting in a heat reflecting concrete curing 
agent that reportedly offers the maximum in moisture 
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[SERVICISED | 
BASEAL rubber base plate 


FOR CONCRETE PAVEMENT 


Keeps Water And Foreign 
Materials From Entering 
Joint At Bottom ... 


For maximum protection of expansion and BASEAL 
contraction joints in concrete pavement, and 5309 
the elimination of pumping action at joint in- 
tervals, be sure the bottom of the joint is pro- 
tected against water seepage and the infiltra- 
tion of foreign materials. Specify Servicised BASEAL 
“BASEAL’’—a resilient rubber base plate for 5310 
expansion and contraction joints— made in 
two types, specifically designed for optimum 
performance and joint protection. “BASEAT,”’ 
provides long-time protection because it is an 
extremely stable rubber compound, resistant 
to deterioration caused by fungus growth, etc. 

Installation is simple. “BASEAL”’ is merely placed 
over the compacted pavement base prior to paving. 
Due to its resilient characteristics, the material will 
conform to the terrain after concrete is poured. 

“BASEAL” is available in continuous lengths of 26 feet. 
Standard width is 6 inches. 

SAWED OR FORMED 
PARA-PLASTIC SEAL “a CONTRACTION JOINT 


SLB Poke 





Drawings at right show 
Servicised “BASEAL”’ in place 


in expansion and contraction ; 
joints. “BASEAL” 5309 sealing hottom of contraction joint 


PARA-PLASTIC SEAL on gRORK-PAK 





“eh. 2 


Write for the SERVICISED 
Catalog which illustrates CONCRETE. 
and details Servicised 


products for highway and ae, “ — — _ 
heavy construction work. “BASEAL 3310 ——s bottom of expansion joint 


“SERVICISED PRODUCTS 


omen a -2On-@- Wm nen, 
65th STREET « CHICAGO 38, ILLINOIS 








-—n oo - wa 


NEWS LETTER 


retention and a more uniform consistency which flows 
freely and is less apt to clog or contaminate spraying 
equipment. Manufacturer states a successful test 
program on Wisconsin highways was conducted with 
Crete-Cure during 1957. The membrane is custom 
mixed on order to meet the specifications of each state 
highway department.—Thiem Products, Inc., 9800 West 
Rogers St., Milwaukee 19, Wisc. 


Undertrack 1 A 


screw 





Latest addition to the Andrews Machine Co. line of 
screw conveying equipment is the firm's new Model 
P-52 undertrack screw unloader. 


Designed especially for semipermanent installation 
and use, this model is buried under the rails of a siding 
at the selected unloading point and can be installed 
horizontally or inclined. 


Construction and design is basically the same as the 
P-51 overtrack screw unloader. Standard length of 
unit is 5 ft 9 in. but is available in any length required, 
as measured from the center line of the tracks to the 
point of desired discharge, or tie-in with main convey- 
ing equipment. 


Power units may be either electric or gasoline engine. 
Manufacturer states that one man can readily handle 
operation of the unit which provides efficient, high- 
capacity unloading for cement, gypsum, potash, and 
most free flowing materials.—Andrews Machine Co., 
359 E. Main St., Decatur, Ill. 


Viny! plastic waterstops 


A critical part of the design and construction of the 

Cambridge Electron Accelerator, an alternating gradi- 
ent synchroton which is a joint project of Massachusetts 
Institute of Technology and Harvard University, is the 
use of specially fabricated 
soft vinyl plastic water- 
stops which surround the 
concrete pads on which 
magnetic accelerators rest. 
All the pads are below the 
ground water table and 
therefore subject to water 
infiltration. 


The pads, set independently in a common concrete 
floor are surrounded on four sides by a 1-in. expansion 
joint. Within this joint are the special Flextrip crimped 
waterstops, installed 10 in. above the Lottom of the 
pads. The waterstops must seal the pads against water 
seepage from below, and yet they must transmit the 
absolute minimum of stress to the pads that results 
from expansion and contraction of the surrounding 
concrete. In the expansion joint, above and below the 
waterstop, glass wool insulation is placed and sealed on 
the surface with an asphalt rubber sealer. Thus, each 
pad, with its magnetic accelerator, is protected against 
stress that would cause an adverse affect on the acceler- 
ating process.—Water Seals, 9 S. Clinton St., 


Chicago 6, Ill. 


Inc., 





No more algebraic formu- 
las or calculations to make. 
Simply locate the table 
covering the member you 
are designing, apply span 
and load requirements, and 
then read off directly con- 
crete dimensions and rein- 
forcing stee! data. Follows 
the latest codes and prac- 
tices. Send check or 
money order for your copy, 
today. 


Prepared by The Committee 
on Engineering Practice 


Completely revised to conform fo the recently 
amended A. C. |. BUILDING CODE 


REINFORCED CONCRE 
DESIGNS — 
ALL WORKED OUT! 


OVER 450 PAGES 


10-Day, Money-Back Guarantee 
No C.0.D. Orders 


CONCRETE REINFORCING STEEL INSTITUTE 


38 S. Dearborn St., (Div. J) Chicago 3, Illinois 
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When you order ready- 
mix concrete, specify — 








—and save these 5 ways... 


Quicker setting 
ishing. 
High early strength 
removal. 

. Savings in protection time—as 
much as 50%. 


less overtime fin- 


faster form 


2 
3 
4. Less delay between operations. 
5 


. Added safety 
protection. 
With a ‘Special Winterized” mix con- 
taining 2% of SOLVAY Calcium Chlo- 
ride, heated water and aggregate, you 
keep close to warm weather schedules at 
any temperature—get concrete with 8 to 
12% greater ultimate strength . . . more 
workability. This permits lower water- 
cement ratio, resulting in denser and 
more moisture- and wear-resistant con- 

crete. 
Get the full story at no obligation— 
write for literature. 


extra cold weather 





SOLVAY Calcium Chloride speeds but does 
not change the normal chemical action of 
portiand cement. Impartial tests by the Na- 
tional Bureau of Standards proved its advantages 
in cold weather concreting. This use of calcium 
chloride is recommended or approved by leading 
authorities, including American Concrete Insti- 
tute and Portland Cement Association. 











SOLVAY PROCESS 
DIVISION 


61 Broadway 
New York 6, N. Y. 
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SOLVAY dealers and branch offices are located in major 
centers from coast to coast. 
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Coating for precast concrete 

Armor-Crete, a recently introduced flooring resur 
facing coating, has found a new market in the precast 
field where many manufacturers have adapted the 
precast 
according to the developer of the product. 


material to resurfacing panels of concrete 

Armor- 
Crete may be applied over the exterior of a concrete 
building as easily as it can be used to make an acid- 
proof floor according to the manufacturer. They rec- 
ommend it for resurfacing any precast unit which poses 
difficult protective or decorative problems as well as 


in areas where hard abrasive wear will be encountered. 

Various color and textures can be provided from 
brilliant The coating is 
troweled over the unit in a thin topping which cures 
Material is supplied in two kit sizes with the 
container used as the mixing vessel for each kit. 
Preco Chemical Corp., 415 Lexington Ave., New York, 
N. Y. 


tones to subdued shades. 


quickly. 


Road roughness indicator 

The Soiltest Model CT-444 road roughness indicator 
is basically styled after the Bureau of Public Roads de- 
sign which was developed to provide standardizable 


equipment for measuring road surface roughness. The 
manufacturer reports, however, that many modifica- 
tions and new features have been incorporated in re- 
cent models. 


The complete unit consists of a test trailer, ramp, 
electronic control and recording unit, and a panel in- 
strument truck. The test trailer is towed by a specially 
modified panel truck at a constant speed (usually 20 
raph). Variations on the pavement profile cause the 
smooth, sensitive test tire to raise and lower as it rolls 
along the pavement. This vertical movement is con- 
verted into electronic pulses which are relayed to the 
instrument panel in the truck. At the same time an 
oscillograph recorder plots a permanent record of the 
pavement profile. Additional data available in Bulletin 
CT-444.—Soiltest, Inc., 4711 W. North Ave., Chicago 39, 
i. 


36-hp concrete saw 

The Clipper Manufacturing Co. announces a new 
36-hp concrete saw, Model C-363, for high production 
contraction joint cutting on highways, turnpikes, air- 
fields, and for heavy duty trenching operations. 

This model features one-piece frame design for preci- 
sion weight distribution and easy maneurverability. 
Ball bearing positive screw feed quickly raises and 
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lowers the blade into the cut and provides accurate 
cutting depth control. 

According to the manufacturer the C-363 is built to 
withstand the toughest cutting requirements, yet 
weighs 135 lb less than its predecessor. Six reinforced 
V-belts deliver 100 power to the blade. 

Other features cited by the manufacturer that con- 
tribute to greater ease in handling and more productive 
job performance include: improved method of tighten- 
ing the V-belts, new depth indicator, premium Wiscon- 
sin engine with Stellite valves and valve rotators, and 
water pump with built-in clutch for disengagement.— 
Clipper Manufacturing Co., Suite 185, 2800 Warwick, 
Kansas City, Mo. 


LCONOMY... 





Literature Available 


Pertinent details on the latest equipment and 
products on the market are available in recently 
released literature. Exact titles of the booklets 
and catalogs are indicated in capital letters. They 
may be requested direcly from the manufacturers 
listed below. 





CYCLAP BULLETIN 482—*Describes laboratory 
procedure for use of Cylcap, a product long used in 
testing laboratories for capping test 
blocks. 


Colo. 


cylinders and 


Denver Fire Clay Co., 3033 Blake St., Denver 5, 


ANCHOR REFRACTORY HAYDITE—Brochure 
describes haydite-luminite refractory concrete, discuss- 
ing strength, thermal value, ease of installation, econ- 
omy, and durability. Includes six tables showing re- 
sults of recent tests, as well as recommendations for 
suitable industrial application.— Anchor Concrete Prod- 
ucts, Inc., Refractory Haydite Division, 2450 William St., 
Buffalo 6, N. Y. 


LIGHTWEIGHT CONCRETE INFORMATION 
SHEET—Revised copies of Expanded Shale Clay and 
Slate Institute Information Sheets No. 1, 
available. No. 1, ‘“‘Workability is Easy,” 
March 1958; No. 5, 


5, and 7 are 
was revised 
“Suggested Design Coefficients,” 
and No. 7, ‘Floor Finishing,"’ were revised in April 
1958.—Expanded Shale Clay and Slate Institute, National 
Press Bidg., Washington, D. C. 
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Detailing 


Practices 










Buildings 
to 
Bridges 


58 Illustrative Drawings 


The Manual of Standard Practice for Detailing Reinforced Concrete 
Structures (ACI 315-57) incorporates under one cover the previous separate 
editions on detailing of buildings and highway structures. It is a correlation 
of the latest improved methods and standards for preparing drawings for 
the fabrication and placing of reinforcing steel. Sections on detailing and 
fabricating shop practice are translated into practical examples in typical 
drawings. Spiral bound to lie flat, it is the only publication of its kind in 
English and is meeting wide acclaim among designers, draftsmen, and 
engineering schools. 


Full Price $400 ACI Members $750 


Sncetre PUBLICATIONS 


ark, P.O. Box 4754, Redford Station Detroit 19, Mich. 
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